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Global Positioning System Calibration

SCOPE

1.1 Purpose

To provide a standard procedure for the daily verification of the survey grade
Global Positioning System (GPS) and Electronic Distance Measurement (EDM)
survey instrument accuracy.

The GPS must be of survey grade. It is capable of differential phase processing
for real-time kinematic surveys. The base / rover receiver location must be local to
the site and utilize an established local calibration file. The system must be able to
achieve a repeatable relative positioning accuracy of 0.1 foot vertical and 0.2 foot
horizontal.

The EDM is a laser surveying instrument for use when the GPS is limited by
adverse terrain conditions. The EDM must be able to interface with the GPS for
accurate exchange of calibration, stake-out and measurement data. The system
must be able to achieve a repeatable relative positioning accuracy of 0.1 tbot
vertical and 0.2 foot horizontal.

1.2 Applicability

The survey grade GPS and EDM systems will be checked prior to daily use
against a known benchmark. If the daily cheek’reading is questionable, the
procedure will be repeated to verify the faulty measurement. The unit will then be
sent to.an authorized service company for repair and re-calibration should the
check prove the instrument to be faulty.

REFERENCES

2.1 Applicable Reference Manual for the EDM system (This is only applicable for the
specific equipment discussed, alternate survey grade equipment would use the
reference manual specific to that equipment.)

2.2 Applicable Reference Manual for the GPS system (This is only applicable for the
specific equipment discussed, alternate survey grade equipment would use the
reference manual specific to that equipment.)
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3. DEFINITIONS

)

So

3.2

Electronic Data Measurement

Electronic Data Measurement or EDM is the technology of obtaining
measurements with an optical instrument equipped with a laser transmitter
objective and receiver lens.

Global Positioning System

The GPS is a worldwide radio-navigation system formed fi’om a constellation of
24 satellites and their ground stations. GPS uses these "man-made stars" as
reference points to calculate positions accurate to a matter of meters. Advanced
forms of GPS can make measurements to better than a centimeter.

REQUIREMENTS

4.1 Equipment, Materials and Tools

¯ GPS base / rover system capable of broadcasting / receiving differential phase
corrections for real-time stake-out and kinematic surveying.

¯ EDM system capable of integrating with the GPS

¯ Associated software to import, export and review survey data

4.2 Precautions

Instruments should not be used dui-ing periods of rainfall or heavy snowfall.

4.3 Acceptance Criteria

The GPS and EDM measurement to a known benchmark should be within 0.2 feet
horizontal and 0.I feet vertical.

PROCEDURE

5.1 Factory Calibration

Each instrument will be repaired and factory calibrated when instrument readings
are questionable (i.e., fail the daily check).
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5.2 Field Validation

5.2.1 GPS

5.2.1.1

5.2.2 EDM

5.2.2.1

The field validation must be measured from a known benchmark
andbe within the defined accuracy limits, The operations of the
GPS for field validation are specific to the make and model used.

The field validation must be measured from a known benchmark
and be within the defined accuracy limits. The operations of the
EDM for field verification are specific to the make and model
used.

5.2.2.2 Note time of validation in field logbook for both the GPS and
EDM systems.

RECORDS/REPORTS~NOTIFICATIONS

The following documents will be maintained as quality records:

¯ Database of recorded benchmark and control point measurements

¯ Maps of control point locations

¯ Document that daily calibration was performed in the field logbook.
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SCOPE

1.1

GLOBAL POSITIONING SYSTEM OPERATION

Purpose

To provide a standard procedure for the daily operation of the Global Positioning
System (GPS) and the Electronic Distance Measurement (EDM) survey
instrument.

The GPS must be of survey grade quality with the capability of differential phase
processing for real-time kinematic surveys.

The EDM is a laser suiveying instrmnent for use when the GPS is limited by
adverse tenain conditions. The EDM must be able to interface with the GPS for
accurate exchange of calibration, stake-out and measurement data.

1.2 Applicability

This procedure applies to GPS surveying activities.

REFERENCES

Procedure 223 Global Positioning System Calibration

Applicable reference manual for the GPS and EDM systems.

DEFINITIONS

3.1    Electronic Data Measurement

3.2

Electronic Data Measurement or EDM is the technology of obtaining
measurements with an optical instrument equipped with a laser transmitter
objective and receiver lens.

Global Positioning System

The Global Positioning System is a worldwide radio-navigation system formed
from a constellation of 24 satellites and their ground stations. GPS uses these
"man-made stars" as reference points to calculate positions accurate to a matter of
meters. Advanced forms of GPS can make measurements to better than a
centimeter.
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,4. REQUIREMENTS

t

4.1 Equipment, Materials and Tools

GPS base / rover system capable of broadcasting / receiving differential phase
corrections for real-time stake-out and kinematic surveying.

¯ EDM system capable of integrating With the GPS
¯ Associated software to import, export and review survey data
¯ GPS / EDM equipment of same or better quality may be substituted
¯ Substitute equipment must meet the acceptance criteria

4.2 Precautions

Instruments should not be used during periods of rainfall or heavy snowfall.

4.3 Acceptance Criteria

The GPS and EDM measurement to a known benchmark should be within 0.1 ]feet
horizontally and vertically.

PROCEDURE

5.1 GPS Calibration

Prior to operating the GPS, a local calibration needs to be established. This action
consists of surveying local known benchmarks-to establish a network in both local
and WGS84 coordinates. By comparing bo~ sets of data, a set of transfonnations
is derived to allow the GPS to survey in local coordinates for Easting, Northing
and elevation.

5.2 Surveying

5.2.1 GPS

Detailed procedures for a GPS survey will vary with the manufacture and model.
The general parameter to follow is the Positional Dilution of Precision (PDOP).
This is a measurement of the strength of satellite geometry and is related to the
spacing and position of the satellites in the sky. A high PDOP number indicates
that the satellites are in a poor configuration and the resultant GPS measm’ement
can be in error. Acceptable survey grade GPS measurements must be within the
PDOP range of six (6) or less.
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5.2,2 EDM

Detailed procedures
model.

5.2.3 Data Transfer

for an EDM survey will vary with the manufacture and

Q

Detailed procedures for data transfer will vary with the manufacture and model.

RECORDS/REPORTS/NOTIFICATIONS

The following documents will be maintained as quality records:

¯ Database of recorded benchmark and control point measurements

¯ Database of all surveyed topography, land monuments, excavation topography
and verification points.

¯ Maps of control point locations

!
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8.3 and Figm’e 1

8.4

Figure 2

8[6 & Figure 3

TP-I.I-14

Revision 1

RECORDOF REVISION                        ~

Description

Expanded list of equipment and materials

Added se~mic refraction data sheet

Added new section for exp!osives procedure and
documentation

Add~-’~l new Blasting Record form

Changed Procedure Alteration Checklist to Efeld
Change Request

. ..
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TP 13-t4
~, ,SHSM!C~CHON SURVEY " Rev. 1

Pagel of 8
..... r.! s

i. v tmrosE

This teelmical pl~cedute establishes uniform methodology for executinga shallow se~.~e
refra¢tlo" n survey to map subsurIace structures.

2. APPLICABILII~

This technical procedure is applicable toall seismic refraction surveys using Bison, or
equivalent, instrumentation.

3. DEFINITIONS

¯ 3.1 P-waves. Compressional Or sound waves that have the highest velocity of all the seismic
waves.

3.2 lr~rst arrivals. The ~mt wave to ala-ive at a geophone froma seismicsom~.

3,3 Geophone spread. The arrangement of geophones in relation to the position ofthe
eller~ SO~.

4. REFERENCES

Haeni, FY., 1988, Application of Seismic-Refraction Techniques to Hydrologic Studies: U.S.
Geological Surve y, Techniques of Water-Resomc~ Investigatiom of the U.~xG.S., 13~k 2,
Ch~: pter D2, U.S. Government Printing ~, Washington, D.C. y

Bison Ins ham~nts, Inc:, 1990, Bison 7000 Series DIFP Seismograph Instruction Manual,
Minneapolls, lV~manesola.

5. DISCUSSION

Seismic refraction methods-measure the time it lakes for a P-wave generated by a Sound
source to travel down through ~ layers of the Earth and back up to detectors placed on the
land surface. By measuring the h’aveRime of the sound wave and applying the .laws-of
physics that goVern.the propagation of sound, the subsurbaee geology cart be irfferred, The
field data, flaerefore, will consist of measured distances and seismic travelling. From this
fimeMis-tanee information, Velocity variations and depths of hadividual layers can be
¯ calculated and modeled.

Tl~e seismic refraelion method depends on the seismic velocltyof the subsurface material
increasing withdepth. Geologic laye~ that have a seismic velocity slower than t-he layer’
above it can not be detected. Also, hyers that do not have a significant velocity contzast from
the surrounding layers or are relatively thin cart not be detected.

Golder Associates
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The total deplh of exploration for the seismic refraction method is limited bythe pOWer of
the seismic source and the space available for the survey. The sources described in this
procedure candetect layers to a depth of 100 feet in good conditions. Deeper explora "~n is
.l~Oss/l~le with using more powerful explosives sueh as Kir~tik

:6. R~PONSIBILITY

~6.1 i~eld Geophysicists

All field geophysicists engaged in conducting seismic refraction storeys am responsi~le for
comp~ with this procedure.

7. EQUIPMENT AND MATERIALS

¯ Bison 7000 24 channel seismograph or equivalent
¯ 24 vertical geophones, 7 to 15 Hz i
¯ Geoph0ne cable with takeouts at 10 to 50 ft intervals
¯ Sledgehammer with plate
s Inertia trigger switches

Trigger cable
¯ Blaster and appropriate cables (optional)
¯ Electric lrigger shotgun shells (optional)
¯ Shovel(optional)
- Siakss, flagging/and compass
¯ Fidd logbook
¯ Bison 7000operafingmanual
¯ Dayboxes {optional)
s Kinestikbiasling agents (optional)
¯ Detonators - Class C or 1.10 (optional)

Seismic Data Sheets
¯ BhstingRecord fonm (opti0nal)
¯ MSHA - approved ohmmeter (optional)

8. PROCEDURE

8.1 Establish the Survey Line

~tablish an origin (-Station 0) and ~erence the ~ from this origin to eompass bearings.
Previously established survey control coordinates should be used wherever possible.
Otherwise, reference the origin to a significant landmark.

Golder Associates
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,8.2 Equipment Set-up and Functional Tests

Perform e~pment set 1up procedures and fimcfional tests of the equipment, as outl~_ in
the Bison 7000 operafingmanual. Lay out geophone lines and place geophones at 5 to 54%
foot in-terva~ along the survey line. Properlyconnectall geophones to the appropriate ,
~keout and connect all ~phone.lines and trigger cables to the seismograph.

Perform a test shot using the s~dgehammer as the seismic source. All shot locations should
be in line with the geopl~0nes or only offset a short distance from this line. Print the results
and verify that aIl charanels are functioning and that the recording time and ~ld geo~try
a~ correctly set on the seismograph.

-83 Survey Procedure amd Documentation

-Record the following instrument parameters and field geometry in the field logbooks or On
the seismic refTaction data sheet (Figure 1):

¯ Geophone intervaI and location of Geophone #1;

¯ Shot number, location and distance to closest geophone;

Shot direction: near (c.%sest to the first geophone), middle (between the first and last
geophones), far (closest to the last geophOne);

* - Seismic record length in milliseconds;

Sample rate of}he seismograph;

¯ Spread number;,

o Record file name.

Usinga sledgehammer or shotgun shells at the first shot location, record the shot and store
the record in’the digital meraory of the seismograph- Print the record and ve~ that all- first
arrivals are Visible. If the reeordis ofpoor quality more shots maybe averaged into the
record to e~ the si~d to noise ratio or the shot may be completely redone.

When the first arrivals are dearlyvlsible on the record then proceed to the next shot t0~tion
and repeat the above.steps. Normally, two forward, one middle and two reverse shots
be recorded ~ eachgeophone spread.The offset of the forward andreverse shots from the
closest geophone depends on-the objectives of the survey.

More than one geoph0ne spread may be required in order to completely cover the length of
the seismic line. When this occurs the spread number of each shot should be noted in the
fidd  ogbook

Golder Associates
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The re]alive elevation changes along the seismic line must be determined. This" can be
accomplishedwith a detailed topographic map or with direct measurements .with a
surveying system depending on the resolution requirements ofthe seismic survey. ....

All printouts, digltal r~cords and field logbooks shall he forwarded to the project tlhs.

8.4 F_xplosives Procedure and Documentation (optional)

The fieldperson in charge of the storage, _h~ansportali0n and use of 1.1D (Class C) or 1.4.19
(Class A) explosives shall-have completed a MSHA applovedblasting safety training course
Or equivalent, and shall have all necessary state, county, or city licenses-or permits for the
particular job locatio~L This personshall be referred to as the "bhster~ in this section.

The blaster shall insure that the handling, stooge, transportation, and detonation of the
explosives is donein accordance with federal, state, and local regulations. It is stron~y
reconm~ended that only 1.1D (Class C) detonators and Kinestikbhsfing hgents, or
equivalent, be reed. These products are n~uch safer to use than lAD {Class A) explosives
and, thus, have less stringent regulations.

The blaster shall record the following purchase information on the Blasting Record form
t igare 2):

¯ -Description of detonators and blasting agents
¯ Name and localion of supplier
¯ Date and quantitypurehased

Code date of detonators and blastingagents

The blaster shall also inventory the explosives every day and record the following
information on the -Blasting Record form:

¯ Location of detonations
¯ Design of shot (amounts and depths of burial)
¯ Date used
¯ Seismie ~e number and numberof individualshots per Line
¯ N~r used and re~g of detonators and blasting agents
¯ Time of air blasts

The bLastershallsign ~ Bhsling Record fi~rm.and forward the original- to the explosives
records fih with the office manager and a copy to the project file.

. -.-~
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8.5 Data Reduction.

All shot records will be. downloaded from the seismograph to a computer for further .~.
processing and interpretatiol~. The files maybe transferred from the seismograph using-the
data tram fe~gp~am MEMO. Consult the Bison ~000 manual forspedfie deim3s on data
downloading.

The seismic refraction data may be proeessed using a variety of seismic refraction software
packages such as SIP (Rimrock Geophysies, Golden, CO), SeisREFA (Oyo Corp., Houston, TX)
or ViewSeis (ViewLog Ltd., Toronto, Canada). The basic processing procedure is as foIlows:

¯ Assign field geontetryto each seismic record;
- Enter elevation changes along the seismic line;
° Pickthe times of the first arrivals;
¯ Assign each arrival ~ a seismic layer;,
¯ Determine seismic velocities of each layer fromtl)e data or other sources~
¯ Calculate and plot a depth model.

Variations in this procedure may ~ especiall~ ff the Generalized Reciprocal Method
(GRM)is reed. Consult the appropriate software manuals and references for specific details
on processing the seismic refraction data.

The results of the depth model may be displayed in a cross~section or plotted ona map
depending on the requirements of the project.

8,6 Field ChangeRequeat

Variations fi~m the established procedure requirements may be necessary due to unique
circumstances encountered in the field: All variations from established procedures shMl be

¯ documented on Field Change Request (Figure 3) and reviewed by the Project Manager and
the QA Manager.

The Project Manager may authorize individual Field Geophysicists to initiate vafiatiom as
necessary. If practical, the request for variations shall be reviewedby the Project Manager
and the QA Manager prior to implementation. If prior review is not possible, the variation
may be implemented ~ia~ly at the direction of the Field Geophysicist, provided .that
the Project Manager is notified:-of the varia~ionwi~ 24 homsof implementation, and the
Field Change Request is ~ ~r~’ded to the Project-Manager and QA Marmger for review

2 working days of implementation. If the variation is unacoeptable to either reviewer,
the activity shall be repeated or action shal! be taken as indicated in the Comments sedfion of
the checklisL

All completed Field Change l{equests shall be maintained in project records.
lt~q’l’l.T14
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’MIC REFRACTION SPREAD DATA SHEET

.pROJECT NAME:
JOB #:

:IELD CREW:

.... UNE & S.PREAD #:
DATE;

LINE GEOMETRY

Geo. 1 2 3 4 5 6 7 8 9 10 11 12     13 14 15 16 17      18 19      20 21 22     23      24

SKETCH OF LINE LOCATION
1    2    3    4 5    6    7    B    9    10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
1      2

I
3 4

ii |i

~# Shot Loc.

. , ii .....
Shot Source Source
Offset Type/ depth
Xh’ ,

.’\
/

SEISMIC REFRACTION SPREAD SHEET FORM
TP-1.1-|4



BLASTING RECORD
Golder Job Number:

PURCHASE RECORDS (attach original documents)

Federal BATF License
9WA017206D 12068

.... Detgnator, ,Description i ., Company }

. .......

........ ....... .,

’ Blasting Agenm Description | Company

..... I -, :,

Location

~, ,°at~ i q~: # i Co~er~ i Box

,, ,, ;, ....

" .... Date " Qty #

,]

Code Date
ii Box-j

SHOT RECORDS Location:
Shot Design:

Date
Seismic # of

Line shots
Cap dount

used ¯ remaining box
IB4~ co~;;~ ..... ’

used ,, remain!n~ box

Comments

(Record time olf air shots)

, , ,

.... ¯ ¯ , IT

-i | ....

. . , , .........

Page ~ of .__
Copy: Project File

."4

)

IP311~’4/Bt:!1_1JI 4

Signature Date

~2
BLASTING RECORD FORM

TP-I. 1-14

:



FIELD CHANGE REQUEST

Job/Task Number:
’.Other Affected Documents:
Requested Change:

¯
Reason for Change:

"Change Requested by: Date

Reviewed by:.

Comments:

GAI Project Manager
Date

Reviewed by."

Comments:

GAI QA Manager
Date

IP3 t024/FCR 1.1-14 Golder Associates Inc.
FIGURE 3

FIELD CHANGE
REQUEST FORM

TP-I.I-I4





Section

Throughout

4.

8.2.2.6

8.2.2.8

8.2.2.10

8.6 &
Figure 13

Figures 1, 2, 3, & 11

Figure 4

Figure 12

Record of Revision
TP-1.2-2
Rev. 6

Description of Revision

Editorial and format change throughout

Induded new references

New paragraph detailing healed fractures

Included more explanation regarding Rock Quality
Designation (RQD)

Included paragraph regarding Joint Condition Rating
applicable to Bieniawski’s RMR System and Barton’s "Q"
System

New Sections, Sugtmary Geotechnical Logs for Mining
Projects and Minimum Geotechnical Data Collection During
Exploration Coring

Changed Field Alteration Checklist to Field Change Request

Updated to reflect current practice

Changed to Rock Classification

New - Summary Geotechnical Log

0~tt 7122.RV5
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1. PURPOSE

The purpose of this procedure is to establish a uniform and consistent method of
geotechnical logging of rock core. The procedure also establishes standard methods to be
followed in the handling and preparation of core for offsite shipment.                 --

2. APPLICABILITY

This procedure applies to all Goider Associates Inc. personnel or (when invoked through

procurement documentation) subcontractors assigned responsibilities for geotechnicad
logging of rock core.

3. DEFINITIONS

None.

4. REFERENCES

Golder Associates Inc. Technical Procedhre TP-1.2-1, "Rock Core Drilling and Sampling"

Golder Associates Inc. Technical Procedure TP-’1.2-4, "Oriented Coring"

GOLDLOG2 Program Documentation and User’s Manual

Brown, E.T. (ed.), 1981, Rock Characterization Testing and Monitoring; ISRM Suggested
Methods, Pergamon Press, for the international Society for Rock Mechanics.

"Deere, D.U., 1968, Geological Considerations, Rock Mechanics in Engineering Practice, ed.
R.G. Stagg and D.C. Zienkiewicz, Wiley, New York, pp. 1-20.

Deere, D.U., Ad-I. Merritt, and R.F. Coon, 1969, Engineering Classification of In-Sire Rock:
Technical Repo .rt No- AFWL-TR-67-144, (prepared by the University of Illinois Department of
Civil Engineering under U.S. Air Force Weapons Laboratory contract AF 29(601)-6850).

Deere~ D.U., and D.W. Deere, 1989, Rock Quality Designation (RQD) After 20 Years. U.S.
Army Corps of Engineers Contract Report GL-89"Y, Available from NTIS. AD/A207 597.

Hoek, E., and E.T. Brown, 1980, Underground Excavations in Rock. Published by the
Institution of Mining and Metallurgy.

Goodman, R.F., 1980, Introduction to Rock Mechanics_, J. Wiley and Sons.

Heuze, E.F., 1971, "Sources of Errors in Rock Mechanics Field Measurements, and Related
Solutions", in the International Journal of Rock Mechanics and Mining Sciences, Vol. 8, pp.
297-310.

.... 1 ...................................
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Travis, ILK, 1955, "Classification of Rocks", in Quarterly of the Colorado School of Mines,
Volume 50, No. 1.

5. DISCUSSION .....

The purpose of this procedure is to document the standard method of geotechnical logging
of rock core for Golder Associates Inc_ projects in order to ensure consistent logging practices.
Standard classifications suggested by the ISRM (Brown, 1981.) or other recognized standards
have been incorporated into the procedure where appropriate.

This procedure does not address other activities that are frequently conducted in
combination with core logging, such as core drilling and selection of coring equipment; point
load testing; installation of geotechnical or geohydrological instrumentation; field
permeability testing; core orientation procedures; core sample shipment and testing; and
logging procedures for soil borings. These items are addressed in separate procedures or
project directives. However, a general familiarity with drilling procedures, geology, and rock
engineering is assumed.

!

The Record of Drillhole format used for held logging and preparation of final drillhole ]logs
has been developed to facilitate preparation of final logs using the GOLDLOG2
computerized rockcore logging system, which fs documented separately (see References).
Most commercial projects in the U.S. are still performed using English rather than metnic
units for measurements. While GOLDLOG2 can accommodate either measurement system,
for simpficity and compfitibility with current U.S. practices, this procedurewill assume the
English system is used. If GOLDEOG is not available, equivalent logs can be readily
produced using a suitable template with a Macintosh or PC.

Core drillingis expensive and constitutes a major expenditure in an exploration or
geotechnical investigation program. It is therefore essential to make every effort to obtadn
high quality core and to ensure that the maximum amount of data is obtained from the drill
core, in addition to putting the resulting hole to maximum use such as by measuring water
levels, permeability, and installing piezometers.

The quality of the core is a function of the equipment used and the skill of the driller in
drilling and handling the core. Technical Procedure TP-1.2-1, "Rock Core Drilling and
Sampling" provides details of core drilling equipment selection and drilling methods. A
triple tube core barrel should be used on important projects where core is susceptible to
damage or deterioration on handling. A double tube core barrel with a split inner tube is an
acceptable alternative when the core is not susceptible to excessive deterioration on handling
and is the minimum acceptable equipment that should be specified for geotechnical
purposes. A double tube barrel with a solid inner tube is sometimes the only equipment
available when geotechnical documentation is undertaken on core that is drilled primarily for
mineral exploration purposes, but should only be used in competent, unbroken rock where
the core can be transferred from the tube to a V-shaped core tray without damage. The core
may be slid from the solid tube if it slides freely; otherwise the core should be pumped out of
the tube using the mud pump. In any case, it must be transferred in such a way that
fractures induced by handling will be minimized. It is not acceptable to beat the core out of
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the tube using a hammer or similar device. A face discharge diamond bit should be used to
minimize erosion of the core in soft or friable ground.

The maximum amount of data will be collected from the drill core by using systematic ......
documentation and testing methods as descn~bed in this procedure. It is recognized that 1~o
single procedure can be definitive or incorporate the most suitable logging methods for’ all
field conditions. The purpose of developing this procedure is to present methods and
standards which have been successfully applied for rock core logging under a wide variety of
geotechnical conditions and which are compatible with the standard Golder Associates Inc.
rock core logging form. This procedure should be directly applicable to (and should be
strictly complied with for) the majority of rock core logging projects. Where it is necessary to
modify the procedure, all modifications should be documented on the Field Change Request
as noted in Section 8.6 below, and in the reports and notes that accompany the final logs.

Some cores are much easier to log than others. Sound, competent core with uniform
lithology and few shears or fractures can be logged relatively easily and rapidly. Completely
crushed orbroken core can also often be described and logged relatively quickly. However,
core with izariable geological and structural conditions, or core which deteriorates due to
stress relief cracking, desiccation or slaking can take much longer to log, particularly during
the initial stages of a coring program when there has not been sufficient time to develop a
familiarity with site conditions. When logging core, always keep in mind that the primary
pttrpose of the core logs is to record information that conveys an accurate impression of the
character of the rock cored. If the condition of the core changes with time, the character and
rate of this change should be documented on the log.

6. RESPONSIBILITIES

6.1 Project Manager

The Project Manager is responsible for overall management of the core logging activities, but
may delegate responsibilities to qualified geologists/field engineers. The Project Manager is
responsible for approving all variations from the methods established by this procedure, for
preparation of the overall scope of work for the core logging activity, for preparation of
procurement documents for all subcontractors, and for briefing all field personnel on any
requirements unique to the project.

6.2 Geologist/Field Engineer

The Geologist/Field Engineer is respons~le for performing core logging in compliance with
the requirements of this procedure, as well as for marking, handling, and packaging of core
in preparation for shipment. The Geologist/Field Engineer is responsible for developing
sufficient understanding of the ultimate goals of the investigation in order to properly record
all required information and to be able to make sound decisions in the event of unforeseen
situations.
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7. EQUIPMENT AND MATERIALS CHECKLIST

¯ Record of Drillhole forms (See Figure 1)
¯ red, green, and black marking pens
¯ color control/grey scale charts
¯ core storage boxes
¯ styrofoam or wood core blocks
* rock hammer
¯ stove and pot
¯ paraffin
¯ plastic wrap
¯ aluminum foil
¯ history of hole forms
o heavy duty plastic bags (ziplock)
¯ hard hat
¯ steel-toed boots
¯ protractor
¯ engineer’s scale
¯ ice chest (if sample freezing is possible)
¯ 35nun reflex camera, with tripod,
¯ color print or slide film
¯ point load tester
¯ well sounder
¯ water bucket, brush, and spray bottle
¯ acid bottle (with 10% HCL solution)
¯ knife
¯ hand lens
¯ 16-25’ carpenter’s tape (marked in tenths of feet and inches)
¯ 50-300’ reel-type tape (marked in tenths of feet and inches)

8. PROCEDURE

Jtdy 1996
Page’. 4 of 36

8.1 General Information

The Golder Associates Inc. Record of DriUhole form is the basic data recording sheet for rock
core logging procedures. The Record of Drillhole form has been designed to facilitate
collection of important geotechnical data during core logging, and presentation of the data
using GOLDLOG2 for inclusion in reports. The final logs produced by GOLDLOG2 present
data graphically where appropriate to maximize the visual impact of the logs. However, field
data must always be recorded quantitatively, rather than by shading the graphic scales, in
order to ensure accurate and complete data records and to minimize the risk of incorrect
interpretations of field logs. The graphical representations show increasing black asthe
quality of the rock deteriorates (decreasing RQD, increasing fractures per foot, increasing
degree of weathering, decreasing strength) so that fractured and weak zones are highlighted
by large amounts of black inthe graphic columns of the log. Quantitative data used to

¯ 1 .....................................
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produce the graphic logs are always available from the original field logs on the GOLDLOG2
data files if Lhese are required for further quantitative evaluation.

8.2 Completion of Record of Drillhole Forms

The field logging form is similar in format to the final logs produced by GOLDLOG2. An
example of a Record of Drillhole form used for field logging is attached as Figure 1. A
completed field Record of Drillhole form is included as Figure 2, and an example log plotted
for inclusion in a report by GOLDLOG2 is included as Figure 3. The Record of Drillhole form
is comprised of header, footer, and data sections.

¯ 8.2.1 Header and Footer Sections

The header and footer sections contain relevant information about the project and drillhole.

The following data should be specified on each Record of Dfillhole form; please see the
example fon~a., shown in Figure 2.

Header Section

Enter the dfillhole number after the main litle.

PROJECT:

PROJECT NO.:
LOCATION:
DRILLING METHOD:
DRILLING DATE:

DRILL RIG:

DATUM:
COLLAR ELEVATION:
COORDINATES:
AZIMUTH:

INCLINATION:

Golder Associates Inc. project identifier,
Owner/project/State, e.g., CWMI/POND P-15/CA
Project and task number for drilling, e.g., 893-1114.007
Project Location, e.g., KETI’LEMAN HILLS FACILITY
Type of drilling and bit size, e.g.,’NQ-3.
Start and completion dates of drilling, e.g., 3 JANUARY, 1989 - 5
JANUARY 1989
Type and model of drilling, e.g., SKID MOUNTED LONG~AR
44
Elevation datum - Mean Sea Level (MSL) or as specified.
Surveyed elevation of collar relative to datum.
Sun, eyed northing and easting of collar.
Surveyed azimuth of inclined drillhole at collar (use N/A- not
applicable for vertical boreholes)
Surveyed inclination from horizontal of drillhole at collar or
-90° for vertical down a drillhole.

Note: If collar elevation, coordinates, azimuth, and inclination are not surveyed, this
must be noted and the method of estimating these should be specified on the log
or in accompanying notes.
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Footer Section

DEPTH SCALE:

DRILLING
CONTRACTOR:
DRILLER:
LOGGED:

cHECKED:

DATE:

8.2.2 Data Section

Specify the depth scale in feet per inch (or meters per crn). 1"-1’
is a typical scale for detailed logging of limited lengths ofc0re;
1"---5" is typical for logging of longer driUholes.

The name of the company undertaking the drilling.
The name of the driller.
The first initial and the last name of the field geologist or
engineer who logged the core - do not use initials only.
The first initial and last name of the individual who ched;ed
and approved the final logs.
The date the final logs were approved.

The data section in the standard Record of Drillhole form comprises fourteen columns in
which to record pertinent infbrmation for geotechnical documentation. Although
GOLDLOG2 plots some data graphically for visual presentation purposes, (e.g., RQD,
fractures per foot, weathering, strength) quantitative data must always be recorded
numerically on the field log. Scale lines used Mr graphical plots on the final logs are not
included on the field logs; this is to facilitate numerical data recording. Always show changes
in recorded data or dassifications at their correct locations on the log; do not simply
designate changes at core run limits for convenience.

8.2.2.1 Depth Scale

The Depth Scale is used to record the drillhole depth using the scale selected and recorded in
the footer section. The scale selected will depend on the geological complexity of the core
and the level of detail of logging. A scale of I inch = 1 foot, will result in 8 feet of core to a
page; a scale of 1 inch = 5 feet will result in 40 feet of core to each page of the log.

~

8.2.2.2 Rock Type Description

The Description section allows for a complete and detailed lithologic description. Stand~rd
classification systems used for quantitative description and dassification of rock are
summarized in Figure 4, Rock Classification, which should be included as a figure in all
reports that document rock core logging or rock classification. The rock description system
used by Golder Associates is as follows:

"Weathered State, Structure, Color, Grain or Crystal size, Strength, ROCK TYPE." Since
weathering and strength are generally documented continuously in individual columns,
these are included in the rock description for completeness and to enable qualitative
descriptions that are not incorporated into the continuous log, such as fresh inclusions within
a moderately weathered matrix. Include the following items in the rock description system:

- Weathering -Classification according to ISRM standard (Section 8.2.2.11 and
Figure 4) and qualitative description of any unusual weathering characteristics.
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Structure - Record any persistent structure in rock such as foliation, flow banding,.
bedding, lamination, grading, sorting, etc., and spe~Cy its dip with respect to the
core axis. Describe bedding thickness according to the classification system in
Figure 4.

Color - Use color name from GSA Rock Color Chart of wet rock. If rock is

composed of more than one color, list major colors starting with the most
prominent.

Grain or Crystal Size - Record the size of vis~le grains or crystals in millimeters or
according to the Wentworth scale shown in Figure 4.

Strength - Field estimate of intact strength based on ISRM classification (Sedion
8.2.2.12 and Figure 4), subsequently modified as necessary to reflect results of
point load and/or unconfined compressive strength (UCS) tests. Provide
qualitative description of factors that might affect strength such as weak layers

and any seams for which strength tests are not representative.

Rock Type - Colorado School of Mines Class’ffication (Travis, 1955). Classification
charts are included as Figures 5 thrc~gh 7. It is important that rock type
designations be correct. If in doubt regarding rock type use petrographic
analyses. A petrographic microscope may be used to confirm rock type and
provide more detailed information on mineral constituents and degree of
alteration.

The formation or unit should also be identified within this column. Other items such as
angularity’should be induded if they affect the mechanical characteristics of the rock and are
not documented elsewhere on the log.

Vague, ambiguous, or undefined terms are neither necessary nor helpful and should not be
used on the togs. All pertinent characteristics and properties should be recorded using
standard classifications and descriptions. Terms such as large, small, thin, and thick are not
suitable unless they are part of a quantitative classification system, and should be replaced by
quantitative data obtained by measurement. Note that the terms "soft" and "hard" are not
appropriate for describing rock strength; this is best described using the strength index and
point-load test index. If hardness is an important parameter in the geotechnical
documentation of the core, then it should be measured using a Sch.midt hammer, Shore
scleroscope, or other suitable instrument.

Field and final logs should be clear and concise and must not be open to possible
misinterpretation. For this reason abbreviations and mnemonics should not be used except
where they are defined on the log. The only exceptions are for length measurements (ft., in.,
m, cm, ram) and approx, for approximately. Use of the symbols" and " for feet and inches: is
not acceptable.
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8.2.2.3 Rock Type GraphicLog

The Graphic Log subsection of the Rock Type uses standard lithologic symbols available in
GOLDLOG2 (or from Figures 8A and 8B if GOLDLOG2 is not being used to prepare the final
10gs) to represent the rock types encountered throughout the drillhole. Contacts betweeia the
rock types are represented as follows:

Contact Type Representation on Graphic Log

ShaW
Gradation

Inferred Contact-
Erosional
Fault

Solid horizontal line at contact location.
Solid slanted line from start of gradational change to end of
gradafional change.
Dashed slanted line extending over length Of inferred contact.
Solid wavy line at contact location.
Heavy solid horizontal line at contact location.

8.2.2.4 Elevation/Depth

Record the depths at the beginning and end of each core nm and the depth of lithologic
boundaries to the nearest 0.1 foot. Use feet and decimals of a foot; do not use feet and inches.
Elevation need not be calculated for field records since this is calculated by GOLDLOG2
based on the specified collar elevation, which may not be known during drilling.

8.2.2.5 Run Number

Record consecutive numbers for each core run, dividing runs by solid horizontal lines at the
beginning and end of each run. Since core recovery and RQD are both calculated for each
run, carry the horizontal lines across these columns.

8.2.2.6 Measuring Core Recovery, RQD__, and Fractures Per Foot

Core Recovery, RQD, and fractures per foot should all be logged while the core is still in the
tube liner or split tube, or immediately after it has been transferred to the core tray if a solid
tube is used. If necessary, some other items such as detailed lithologic descriptions, logging
of individual discontinuities, and strength testing, can be deferred until the core has been
transferred to the core boxes. However, recovery, RQD, and fractures per foot should be
logged while the core isin as close to its original condition as possible. If fracture logs can not
be completed prior to boxing, all handling and boxing fractures should be deafly marked and
discounted from the RQD and fracture logs.

Only natural fractures are counted for RQD and other fracture logs; drill-induced and
handling fractures are excluded. It is sometimes difficult to distinguish natural fractures. As
a gtfide, dean, fresh surfaces oriented at close to 90° to the core axis that can be rejoined with
only a hair-line separation are typically drill-induced, while surfaces that are rounded,
ground, weathered, contain infilling or coatings, often at some angle other than
perpendicular to the core axis, or cannot be rejoined cleanly should be counted as natural
fractures. If the origin of the fracture is uncertain, then it is counted in order to ensure values
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for the RQD and fracture logs that are conservative for most purposes. If the fracture data
are used for applications such as predictions of rippability or blasting requirements, then this
assumption will not be conservative.

Natural fractures may be open or filled, but old fractures that have been healed by quartz;-
calcite, or other cementing minerals are not counted if the core is intact across the healed
discontinuity. The distinction between an open/filled fracture and a healed fracture is the
ability of the fracture to carry a tensile load. This distinction is necessary to distinguish
between highly fractured rock masses and rock that contains a large number of healed
fractures. Because the strength of healed fractures can vary from very low to equal to the
strength of adjacent core, it is inappropriate to include healed fractures in the basic fracture
and RQD logs. The character and representative frequency of healed fractures should be
recorded in the Description or Notes columns. If they are low strength, it is probable that
natural fractures occurring along the healed joints will indicate the weakness of the rock
along the healed joints. If quantitative data on healed joint strength are required, point-load
testing should be used to provide a field measurement of anisotropic strength.

8.2.2.7 CoTe R’ecovery and Core Losses

The Core Recovery column is used to record the measured amount of core recovered over the
measured length drilled for each core run. Measure and record core recovery to the nearest
tenth of a foot. The recovery column is divided by solid horizontal lines corresponding to the
lines in the Run Number column. Record the actual lengths cored and recovered. Calculate
core recovery in the field as a percentage (100% representing complete recovery) if
appropriate, but only after the lengths cored and recovered have been recorded. Rubble,
redrfll, or slough recovered at the top of a core run that was not in place is not counted as
recovered core and should be discarded or dearly labelled to avoid subsequent
misdassification.

It is not uncommon for some core to slip through the core lifter and to be dropped out of the
core.tube. This problem frequently indicates a worn or unsuitable core lifter which should be
replaced. Core should be represented on the log at the location-it occupied in the ground by
assigning it to the run in which it was cored; it should not simply be assigned to the run in
which it was recovered ff it was actually cored in the previous run. This is simple in sections
of complete recovery, but requires some interpretation when rock cored during one run is
dropped and is recovered during a subsequent run. Dropped core can result in apparent
core recoveries exceeding 100 percent if it is not logged correctly. Core recoveries should not
significantly exceed 100 percent. Core which was drilled in a previous run can often be
identified by marks from the drilling or the core lifter.

Core recovery is presented numerically on the final corelog by GOLDLOG2 because
graphical presentation of core recovery on a linear scale of limited width is not a sufficiently
sensitive indicator of geotechrfcal conditions.

Core losses are an important indication of potentially poor geotechnical conditions, since
they most commonly occur in weak or highly fractured zones which may be important for
determining rock mass properties. The core log is completed in a manner which highlights
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core loss zones. When the core loss exceeds a "significant" level, typically about 0.3 feet,
horizontal lines are drawn across all columns that record information about the rock
character or properties (description, graphic log, discontinuity data, weathering index,
strength index, and point load index), and this interval is labelled *NO CORE". Examples of
rims procedure are illustrated in Figure 2. No data can be collected from these intervals. It is
incorrect to imply that this material is similar to the adjacent material unless there is evidence

to Support this, in which case the evidence should be included as a note, for example, "core
loss due to overfilling barrel."

"NO CORE" intervals should be assigned to their correct localions when there is sufficient
evidence from the core or drilling operations to do this. Such evidence might include grind
marks on the core or a rubble zone within an otherwise sound core run;the drill rods
dropping by an amount equal to the "NO CORE" interval during drilling; or washing away
of the beginning of a run in very weak ground. If the location of the interval without core
cannot be identified, then it is assigned to the end of the core run. Explanatory notes should
be included where it will assist with the interpretation of conditions, for example, "Core lost
due to grinding" or "No core due to void."

&2.2.8

Rock Quality Designation (RQD) is a modified ~ore recovery in which only the sound core
recovered in lengths of greater than four inches (10 cm) measured along the core axis is
counted as recovery (Deere and Deere, 1989). RQD is measured for each core run. Record
the total length of intact core recovered in lengths greater than 4 inches (10 cm) over the total
length of the core run in the RQDcolumn. These numbers are expressed as a percentage to
give RQD. RQD can be used as an index of rock quality according to Deere’s (1968) original

¯ classification:

MODIFIED CORE RECOVERY AS AN INDEX OF ROCK QUALITY

RQD Description of Rock Quality

........ (Percen0

0 -25 Very poor

25 - 30 Poor

50 - 75 Fair

75 - 90 Good

90 - 100 Excellent
Because RQD is an index of rock quality, and is not intended to measure the quality of
drilling, only natural fractures are considered in RQD measurements. Core breaks caused by
the drilling process should be fitted together and counted as one piece (Deere and Deere,
1989). Because drilling and handling fractures can only affect measured RQD if they result in

.... 1 ...............
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lengths of core of less than 4-inches, RQD is relatively insensitive to the mistaken
interpretation of drill-induced fractures as natural frach~es in sound rock. As an example,
consider a section of rock containing no natural fractures which is fractured at 6-inch to one

foot intervals during drilling and handling. Counting these fractures would not significantly
reduce RQD, but would increase recorded frachn-e frequency from 0 fractures/foot to 1-Z-
fractures/foot:

One special case that may be encountered.in measuring RQD is a single fracture parallel to
the core axis. Sound core with a single fracture is counted as intact rock and assigned an
RQD of 100%. This method is used to avoid biasing the RQD measurement with a single
fracture parallel to the drillhole.

The definition of RQD as sound core recovered in lengths of 4 inches or more was originally
applied to NX-size (54 ram) core using a double tube core barrel because core size and dn31ing
equipment could influence recovery and breakage of core. Various authors (Heuze, 1971;
Goodman, 1980) have proposed varying the length requirements for RQD to twice the core
diameter ira order to account for these influences. However, after thorough consideration of
field experience and current drilling practices, Deere and Deere (1989) condude that "The 4-
inch (100 ram) requisite length, measure’d at centerline, should be used for all applicable core
sizes. The spacing of natural unbounded joints does not change with core size."
Improvements in drilling techniques since RQD was first introduced in the 1960"s have
reduced the influence of core size on recovery and mechanical fracturing during drilling.
They conclude that the 4-inch (100 mm) length for a core piece to be counted in RQD is
applicable to BQ (36.5 ram), NQ (4Z6 ram), HQ (63.5 mm), PQ (85 ram), ~inch (100.8 ram)
and 6-inch (151,6 ram). They recommendnoting on the core log for B-size core that both core
recovery and RQD values may be slightly lower than for larger core. They consider smaller
core sizes (A and E) too small to be used for RQD.

.

The recommendations of Deere and Deere should be followed in measuring RQD, including:

¯ use 4-inch (10 cm) requisite length, measured at cerlterline, for all applicable core
sizes

¯ note any variations from this standard definition on each page of the core logs

- for B size (or smaller) core, note on each page of the core logs that RQD values
may be lower than for larger core

RQD is valid only for sound core and should not be used for very poorly indurated materials
such as clays and weak daystones. In these cases, the letters N/A (Not Applicable) should be
entered into the RQD column.

8.22.9 Fractures Per Foot

The Fractures Per Foot column is used to record the number of natural fractures in each one

foot interval. If more than ten naturally occurring fractures are counted in a one foo~ h-lterval,
then record >10 in the Fractures Per Foot column. Like RQD, the fracture log is not
applicable to very poorly indurated material.

" -T ........................
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Because the fracture log is maintained for one foot intervals, it is a much more sensitive
indicator of fracturing and broken zones than RQD, which is only measured over each core
run.

8.22.10 Discontinuity Data- Description and GraptfiC Log

The orientations and physical characteristics of discontinuities are important parameters in
characterizing a rock mass and should be recorded for each significant natural discontinuity
in the core. The standard core logging form is designed to facilitate recording these data in
the Discontinuity Data columns.

When similar natural fractures occur regularly along pre-existing weakness planes such as
bedding or foliation, it is not necessary to record the orientation and characteristics of each
fracture individually. An explanatory note such as "unless otherwise noted fractures to 274
feet are along foliation; planar; smooth" should be included to eliminate the need to repeat
the description for each fracture. Only fractures which do not meet these criteria then need
to be described individually, although the location and dip qf all fractures should be recorded
in the Discontinuity Graphic Log colurdn.

Discontinuity Type and Surface Description ,

Record the type of discontinuity and its surface characteristics using the following system of
mnemonics, which is induded on the logging form.

DISCONTINUITY TYPE DISCONTINUITY SHAPE SURFACE ROUGHNESS INFILLING

J - Joint . PL - Planar P - Polished CA - Caldte
F - Fault C - Curved K -Slickensided CL - Clay
S -Shear U - Undulating SM - Smooth Fe - Iron Oxides
B - Bedding ST- Stepped R - Rough
FO - Foliation I - Irregular VR - Very Rough

Due to space limitations, the list of mnemonics cannot be comprehensive, and has been
limited to five types in each category. The most conunonly used terms are included,
although many other terms such as vein and contact have not been included. Additional
spaces are provided on the drilling log for user-specified mnemonics to help overcome these
limitations. These mnemonics should be recorded on the field log and explained in
accompanying text.
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Figure 9 illustrates typical discontinuity shape and roughness profiles. A more quantitative
description of discontinuity roughness that may be appropriate for projects where shear
strength of discontinuities is a concern is illustrated in Figure 10. Joint condition ratings
applicable to Bieniawski’s RMR system and Barton’s "Q" system of rock mass classification
are tabulated in Figure 4 (Hock & Brown, 1980). Quantitative estimates of these valued"~ .....
should be induded for representative surfaces in the Type and Surface Description columal if

the core togs are to be used as a basis for quantitative rock mass classification.

The type and thickness of any infilling or staining should be recorded using user-specified
mnemonics or suitable descriptions. If there is insufficient space in the Type and Surface
Description column for a complete description of the joint surface, the scale of the log should
be increased or the notes column can be used to take care of occasional data overflow.

Discontinuity Graphic Log

The Graphic Log column is used to sketch all naturally occurring discontinuities in the d~ill

core. This information is plotted manually on the final logs produced by GOLDLOG2, so it is

recorde~ grap~cally rather than numerically. If the Fractures Per Foot is less than or equal to
ten, then all fractures should be drawn ~t the location in the rock core where they occur. This
is easily accomplished by marking the beginning and end of a fracture at the corresponding
locations on the graphic log, then connecting the end points to sketch the fracture. Since the
width of the Graphic Log column is not in scale with the width of most drill core (it is wider
to allow room to sketch all fractures) a protractor should not be used to sketch the fractures at
true dip angles, as this would result in exaggerated lengths for the fractures sketched. If the
Fractures Per Foot is greater than ten, then sketch any predominant fracture orientations and
cross-hatch over the entire area in the Graphic Log column to indicate very fractured ro~:
core.

?

Discontinuity Dip With Respect to Core Axis

Measure and record numerically the dip with respect to the core axis of each significant
natural discontinuity, as illustrated in Figure 4. Note that for vertical holes, the recorded
value is the complement of the true dip. Individual fracture orientations cannot generally be ,

measured in broken and crushed zones, although in strongly foliated rock fracturing may
¯ develop preferentially along foliation and this should be recorded. A separate column is not
provided for recording this data on the field log. It should berecorded within or
immediately adjacent to the Graphic Log column in such a manner that it is dear which
fracture on the Graphic Log record the measured orientation applies to. This orientation data
is plotted graphically in a separate column on the final logs.

8.2-2.11 Weathering/Alteration Index

The Weathering Index column is used to record the weathering classification in accordance
with the ISRM recommended classification system which is shown in Figure 4. Changes in
the Weathering Index are indicated by a solid horizontal line at the point of change for an
abrupt change, or a solid slanting line covering the range of weathering change.
Unfortunately, the ISRM weathering classification is inadequate for the commonly
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encountered condition where weathering is confined to the immediate vicinity of fracture
surfaces. Also the descriptions corresponding to each weathering classification are relatively
severe so that the system is an insensitive indicator of weathering condition over the slight to
moderate range. Use the notes column as necessary to darify the condition of weathered[
rock.                                                                                        -

On many projects, particularly for mining c~ents, propylite or argillization resulting from

hydrothermal alteration can modify rock strength in much the same manner as weathering
reduces the strength of near-surface rocks. Conversely, silicification or potassic alteration
may increase rock strength. On these projects, the intensity of alteration may be a more
important indicator of rock strength than weathering. However, such projects are not a
sufficient proportion of our rock coting projects to justify inclusion of a separate column to
log alteration.

GOLDLOG2 provides the compromise of being able to relabel the Weathering Index cohunn
as Alteration Index on any new sheet of the log. The classification labels on the log are then
automatically modified to reflect alteration rather than weathering. This option enables the
column to be used to indicate weathering at the top of the drillhole and alteration at depth.
There is no ISRM standard for degree of alteration, but geologists on mining projects wil]f
typically use a five or six category alteration classification system that should be incorporated
into the geotechnical logging if alteration affects strength, and should be defined in the
report. If the alteration column is used to indicate a type of alteration that increases the rock
strength, such as silicification, then the plot scale should be reversed to maintain the
convention that more shading on a graphic log indicates weaker rock or more fracturing.
The option to reverse the pIot scale is offered if the weathering index is changed to an
alteration index.

It is not unusual to have multiple types of alteration, such as both argillic and silicic
alteration, present simultaneously, and for the strength of the rock to be a function of the
degree of argillic and/or silicic alteration. The most suitable method for documenting such
complex alteration should be determined for each case individually based on such factors as

the character of the alteration, its influence on rock properties,-and the purpose of the
geotechnical documentation. If both types of alteration significantly influence the
mechanical character of the rock, a dual alphanumeric classification system (e.g., A1, $5 or A2,
$3) should be used in place of the graphic log. In other cases, the alteratiQn that is of most
importance for the geotechnical evaluation could be recorded in the alteration column, while
the alteration of secondary importance could be recorded as notes or in an optional column.

8.2,2.12 Strength Index

The Strength Index column is used to record the estimated strength of intact rock material
strength using the ISRM recommended classification system shown in Figure 4. Any change
in the Strength Index should be defined by a solid horizontal line at the point of change.

Point-load tests are commonly performed as a standard part of geotechnical core logging.
Field estimates of intact strength should be modified to reflect the results of point-load tests
and laboratory testing when the final corehole logs are prepared. Strength Index is plot4~ed
graphically on final logs to provide a continuous record of the strength of the core.
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8.2.2.13 Point Load Index

Point load tests are commonly performed as a standard part of logging the geotechnic~
characteristics of rock core. They provide a quantitative measure of rock strength which is
necessary to bridge the gap between qualitative description of rock characteristics and the
quantitative requirements of engineering evaluation. Every effort should be made to test
samples which are representative of the rock mass, rather than concentrating testing on
samples that are easiest to test. Point load test data are recorded on a separate data recording
form. Results for each valid test are plotted on the final geotechnical drillhole logs according
to the ISILM recommended strength dassification system. Since both axial and diametral tests
are performed in order to provide a measure of anisotropy, different symbols are used to
representaxial and diametral tests. The location and type of each valid test should be
recorded on the field log by plotting the symbol shown on the log at the depth of the test
sample.

8.22.14 Notes, Water Levels, Instrumentation

The final column on the log is used to rr~ord pertinent information on the drilling operation
and geotechnical conditions which does not belong in or cannot be fitted into the preceding
sections of the log. The following data should always be recorded:

¯ Casing size and depth
¯ Core size
¯ Bit type
¯ Type and length of core barrel
¯ End of drilling each day or shift
¯ : "Drilling fluid type and losses

Final depth of hole
¯ Completion date
, Water level at time of completion

Other items that should be included when relevant include:

¯ Water levels measured during drilling, such as at the start and end of each day or
shift, and the date of measurement

¯ Water or mud returns
¯ Details of instrumentation
¯ Drilling information, such as penetration rates and descriptions of drilling problems
¯ Permeability test locations and results
¯ Any information that may assist in understanding geotechnical conditions or the

condition of the core, for example, locations where drill rods drop, core is ground, or
the core barrel is overfilled.
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8.2.3 Optional Data Column

GOLDLOG2 permits the addition of an optional extra column immediately right of the Point
Load Index column. This optional column will take space from the Notes, Water Levels,
Inslnunentation column. The user can specify the column heading, column width, and data
to be input into the column, including locations of horizontal lines across the columns. The
purpose of this column is to record information or test results that may be particularly
important to a specific project or region, such as permeability test results, oriented core nan
locations and test results, the presence and condition of ice, secondary alteration, geophysical
borehole logging results, penetration rates, etc. The Notes column should be subdivided
manually for recording this additional data in the field if the optional extra column will be
used on the final log.

8.2.4 Variations of the Standard Geotechnical Logging Form

The standard Record of Drillhole Form has been designed to facilitate rock core logging for
geotechnical purposes and to accommodate the needs of most geotechnical projects.
Personalized logging forms are geheraU.y not encouraged because the standard form provides
consistency in logging procedures and presentation format. However, it is recognized that
unique conditions, client requirements, or drillhole documentation for purposes that are not
primarily geotechnical, may require some modification to the standard logging form. Such
variations are permitted only at the direction of the Project Manager and should be
documented on a Field Change Request (see Section 8.6). An example of an alternative
logging form designed for use in a hydmgeologic investigation where rock strength,
weathering, and alteration were not considered to be pertinent is shown is Figure 11. It is
important that as much of the standard logging form as is possible be retained on the
modified log, and that the standard rock core logging procedures be complied with for these
standard portions of the log.

8.2.5 Summary Geotechnical Logs for Mining Projects

Geotechnical core drilling should be performed under the direction of a qualified
geotechnical engineer or geologist, and detailed geotechnical logs should be prepared for all
critical dements of rock engineering projects. However, in some circumstances it will not be
possible or justifiable to undertake detailed geotechnical logging of all core drilling on a
project. This is commonly the case during the early exploration stages of mining projects.
Summary geotechnical logs may be appropriate to enable a general characterization of
geotechnical conditions in cases such as the following examples:

¯ During pre-feasibi~ty exploration drilling, the feasibility of mine development and
potential pit limits may not be adequately defined to justify the expense of
detailed geotechnical logging.

¯ In a mine pit slope stability.evaluation, it may not be an efficient use of available
resources to develop detailed geotechnical logs for the central mineralized zone if
the geotechnical conditions at the pit limit will be significantly different due to
structural control of mineralization, alteration zoning, or other factors.
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¯ For potential underground mines, it may not be necessary or appropriate to
perform detailed geotechnical logging of waste rock at substantial distances from
potential mine development or production stopes.

¯ Geotechnical engineers may have a limited time available to characterize _k__
geotechnical conditions from a large quantity of exploration core that is already
boxed.

¯ Exploration geologists may Wish to incorporate some basic geotechnical data
collection into their standard core logging PrOcedures but may not have the
resources to complete detailed geotechnical logging of all core.

In such cases, summary geotechnical logging may be appropriate for evaluating the
distribution of geotechnical units and conditions that will be encountered during
development of less important interim pit slopes, while detailed geotechnical logging could
be used for characterizing conditionsin critical areas such as representative locations in the
vicinity of .final pit slopes or important fault zones. During the early- stages of exploration, it
is preferable to have limited geotechnical data from a large number of locations to
characterize the distribution of geotechnical units and to help identify pottntial geotechnical
problems, rather than having detailed geotechnical information from few locations that may
not be representative of critical areas or important geotechnical units.

Summary geotechnical logging can provide a suitable geotechnical database that can be used
in conjunction with the geologic model to identify important geotechnical issues and to
define a program of detailed geotechnical investigation for support of feasibility-level or final
mine design. Detailed geotechnical logging is usually performed on geo.technical coreholes
and oriented coreholes that are located to investigate geotechnical and structural conditions
in critical areas to support developmen.t of detailed design recommendations.

While details of summary geotechnical logs should be developed based on the site conditions
and specific requirements of a project, the example summary log that has been used for
mining projects and is shown in Figure 12 should be suitable fox many applications. Geologic
logs that document lithology, core intervals, fault zones, alteration details, and other
pertinent data should be used in conjunction with the geotechnical summary logs. In general ¯
terms, summary geotechnical logs should document the intensity and character of fracturing"
and intact rock strength. Fractures are not documented individually, although typical surface
characteristics and relative orientations of representative discontinuities are recorded.
Surmnary geotechnical logging typically focuses on documenting quantitative geotechnic~al
data that can be readily evaluated and analyzed manually or using a spreadsheet. The
following-paragraphs describe how a summary geotechnical log should be completed.

Depth intervals can correspond to core runs if the summary logs are prepared immediately
after coting, in conjunction with geological logs. However, depth intervals could also be
selected to correspond to intervals of similar geotechnical characteristics if this is more
appropriate. Length of the interval is calculated as the difference of the depth intervals.
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The basic geologic unit is recorded to facilitate evaluation of geotechnical parameters
according to geology, but no detailed description of geology is included because this is
available on the geologic logs. Recovered core and modified core recovery (sound core in~
lengths greater than 4 inches) are recorded for each depth interval to enable calcuIatioB~of
core recovery and RQD as percentages. The number of natural fractures in the depth int(~rval

is recorded to enable calculation of the fracture index.

No weathering index is included, since summary geotechnical logs are most commonly
applied to mining projects where weathering is not a primary consideration. Two colur~vts
are provided to record alteration indexes, since this is a common requirement in zones of
hydrotherrnal alteration associated with mineralization. The strength index is estimated
according to the ISRM field identifcafion procedure.

Discontinuity data recorded for representative or prominent structures includes the type of
dicontinuities, their orientation relative to the core axis, and typical surface characteristic;.
Depending on project requirements, surface characteristics could be descriptive terms listed
in Figure 9, or one of the quantitative Joint Condition Rating systems documented in Figures

4 and 10 if the summaFy geotechnical logs will be used as a basis for quantitative rock mass
classification. Unlike detailed geotechnical logging, each fracture is not documented
individually or recorded graphically

The comments column is used to record any additional information that may be useful in
interpreting the geotechnical data, for example, the distribution of fault zones, or the
character of crushed or broken zones.

8.2.6 Minimum Geotechnical Data Collection During Exploration Coting

During pre-feasibility exploration coring, valuable geotechnical information can be collected
with minimal effort and time in conjunction with geologic logging. Reliable measurement of
RQD and ISRM field strength index should be within the capabilities of any competent
geologist who is provided with proper instructions. Nothing less than this minimal
geotechnical information should be collected at any time that the expense of coring is
incurred.

These RQD and strength data should be incorporated into the geologic database to enable
correlations based on geologic parameters such as lithology, mineralization, and alteration.
While these minimal data will not generally provide sufficient information for a detailed
geotechnical evaluation, they will provide a quantitative basis to support a preliminary
evaluation and to develop a focused geotechnical data collection program to support a more
detailed engineering evaluation.
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8.3 Boxing of Core

8.3.1 When to Box Core

The core should be carefully transferred to the core box after the core has been logged inhhe
tube liner, split tube, or V-shaped core tray. Mark the core with two continuous, parallel ]Lines
to facilitate identification of incorrectly boxed core, samples that have been returned to the
core box incorrectly, or core that has suffered abuse. Use the following standard navigational
convention: when ]ocldng down the core axis, make a red line on the left (red...port...Ieft)

and a green line on the ~ (green...starboard...right). Ideally, all geotechnical logging
should be completed prior to transferring the core to the core box, since some damage to the

core is almost certain to occur during the transfer. In practice, it will not always be justifiable
to delay drilling while geotechnical logging is completed, so the tube liners or inner tube will
have to be returned to the drillers in a timely manner to prevent drilling delays. As a
minimum, complete the core recovery, RQD, and fracture log measurements prior to
transferring the core to the core box.

8.3-2 Acceptable Core Boxes

Cardboard core boxes are frequently used for storage of small to medium diameter core
under favorable conditions, that is, dry climate and storage conditions with limited
transportation and handling requirements. For larger core, wet conditions, or projects where

the core will be transported over longer distances or rough terrain, more durable wooden,
metal, or plastic core boxes with securely fitting lids should be used. The core should fit
snugly into the core box to minimize damage to the core during handling and transportation.

Additional packing will generally be required if the core is to be shipped or transported
without continuous monitoring or supervision.

8.3.3 Breaking the Core for Boxing

It will usually be necessary to break the core in order to box it. The amount of core breakage
for boxing should be minimized by carefully determining the points at which the core should
be broken to fit neatly into the box. The core should then be broken deanly at these points
using a suitable method which minimizes damage to the core such as:

Cutting the core with a knife for very low strength claystones and shales
* Performing a diametral point load test at the point
° Breaking the core with a sharp blow from a geological hammer
* Using a hammer and chisel to break the core

The force required to break the core should be used to help evaluate the rock strength. &n
aXtt ~ a "or wn wttn a permanent black marker should be placed across all artificial core breaks.
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8.3.4 Placing Core in Box and Labelling Box

The core should be completely deaned with dean water prior to placing it in the core box.
Each core box is placed with its label at the left end. The top of the core is placed in thetop
left comer of the box, and the core is boxed from left to right, top to bottom of the box - "jiast
like reading a book_" Wooden or plastic core spacers with footages labelled by indelible
marking pen should be used to mark depths at the start and end of each core box, the
beginning and end of each core run, intervals of core loss, and the location of samples
removed for testing or other purposes. These spacers also help to keep the core intact during
transportation. One pound polyethylene foam is recommended as a spacer when
maintenance of core quality is critical, as it is on most geotechnical coring projects. This
spacing material is elastic and when cut slightly oversize it can be used to wedge the core
se~trely in place: An indelible marking pen should be used to mark any breaks caused by
handling or point load testing that could subsequently be mistaken for natural fractures.
Each core box and lid should be indelibly labelled with the following infomaation:

¯ Project name and/or number
¯ Drillhole number
¯ Core size
¯ Box number
¯ Depth at start and end of core

8A Photographic Documentation

Color core photography provides-a permanent record of the condition of the core at the time
of recovery and is a standard part of core documentation for all rock core logging project,;.
Photographs show details and characteristics that can not be easily recorded or conveyed on
drillhole logs. The;¢ are convenient for reviewing the condition and character of the core
when preparing final logs in the office, and are invaluable for review by personnel who do
not have the opportunity to inspect the actual core. They also provide permanent visual
documentation of.core that may be destroyed for assaying or metallurgical testing, or may be
lost. 35 rnm color prints provide the most convenient format for review and inclusion in
reports. Color slides have the advantage that they canbe projected at natural ~ale for
detailed review.

Core photographs should be taken soon after the core is boxed, preferably before it is
damaged by handling or Point load testing, and before and core deteriorates due to slaking
or desiccation. Core spacers should be adjusted to true locations to account for dropped core
prior to photographic documentation. The core can be either wet or dry when photographed
depending on which condition best shows the rock structure, provided the core is in the
same condition in all photographs. Color control patches and a grey scale should be induded
in each print photograph where rock dassification or characteristics may depend on color,
such as when weathering or alteration is important, so that prints can be color corrected iif
necessary.
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Each core photograph should include a label defining the project, drilIhole number, and core
interval. This can be achieved conveniently by induding the label on the core box lid in the
photograph or by labelling the top of the core box with an indelible marker. All core spacers
must be photographed at their correct locations and must be readable in the photograph. A
scale should be included in all photographs. Photographs should be taken perpendiculafto
the core box; it is frequently more convenient to carefully lilt the core box for photographJmg
than to locate the camera vertically above a horizontal core box. A wide-angle lens may
facilitate photographing long core boxes. Using a hand-held 35 mm camera to photograph
core boxes that are propped up may be adequate for smaller projects. For large projects it
will be more convenient, and will produce better quality photographs, if a suitable frame is
constructed to hold the core boxes and the camera is mounted on a tripod. A reflex camera is

preferable to eliminate parallax errors.

Subdued daylight provides the best lighting conditions for core photography. Flash or flood
lights may be necessary in adverse lighting conditions. Regardless of the lighting used, every
effort should be made tO maintain consistent lighting conditions for all photographs. Ensure
the f stop is set correctly for the core, not for the core box or other surroundings. This is
particularly impoi-tant for dark cores when photographed in light colorqd core boxes or
surroundings.

While routine core photography t9 document the entire core is completed after the core is
boxed, additional photographs should be taken to document interesting features or particxtlar
characteristics of the core. This could include photographing sensitive core in the split tube
or tube liner prior to handling; taking additional photographs of sensitive core subsequent to
deterioration or desiccation; and dose up photographs of shear zones or fracture surfaces.
All photographs must include a scale and adequate labeling so that they are readily
identifiable.

8.5 Sample Preservation

Proper preservation of samples for laboratory testing is critical for meaningful laboratory test
results. If samples will be stored for more than one to two weeks before testing, or if the
sampled material is susceptible to desiccation (typically weaker materials with moderate to
high water contents, such as days, highly altered or weathered rock, fault gouge, etc.) then
test samples should be preserved using the following procedure:

1. Wrap sample in plastic wrap or plastic bag.
2. Wrap sample in hluminum foil and indicate which end of core is up.
3. Label sample using indelible marker on aluminum foil and indicate which end of

core is up.
4. Coat sample completely with hot wax by dipping and rolling in a pan of molten

wax.

5. Attach permanent label to preserved sample.

The wax coating serves to preserve the moisture content, and to provide support and
protection against damage during handling and transportation. If samples to be tested are
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not susceptible to desiccation (typically stronger rock with low water content) then wrapping
in two or more layers of plastic wrap, or use of a heavy weight ziplock plastic bag, and
strapping with duct tape to provide reinforcement and protection, will be sufficient for most
samples. Sensitive samples should be packed in PVC pipe or other similar protective malLerial
before boxing for shipment. Samples should not be allowed to freeze in cold weather and
appropriate measures should be taken to prevent freezing. Such measures include storing
samples in an insulated ice chest or in a heated field vehicle. Samples should be packed with
suitable packing material and shipped in a sturdy box to prevent damage during shipping.

For particularly important projects involving sensitive core, more care may be required for
sample preservation and transportation. This could indude shipping the samples in a sealed
triple tube liners or using disposable lexan inner tubes or tube liners for collecting and
shipping the core. In these cases, the tubes or tube liners should be capped at both ends and
sealed with wax or polypropylene tape. With disposable lexan tubes, partially filled tubes
should be cut away prior to capping.

8.6 FieldChange Request

Variations from established procedure requirements may be necessary due to unusual field
situations or unique client requirements. The Project Manager may delegate authority to the
onsite Geologist/Field Engineer to initiate variations as necessary to respond to such
situations; however, all variations from established procedures shall be documented on Field
Change Request (Figure 13) and verbally reported to the Project Manager within 24 hours.
The Field Change Request shall be submitted to the Project Manager and QA Manager for
formal review and approval within 2 working days. Disapproval of a Field Change Request
shall require re-performance of the logging activity or other appropriate resolution as
directed by the Project Manager.

All completed Field Change Requests shall be maintained in the project records.
t
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Page 1.of 18

1. PURPOSE

This technical procedure descn’bes uniform procedures for identification of soils.

2. APPLICABILITY

This technical procedure is applicable to all persons enga~ged in so~ identification.

3. DEFINITIONS

Definitions am contained within Section 8.

4. REFERENCES

ASTM Standards, Standard Recommended Practice for Description ofS0ils (V’b~M-ManualProcedure),
D 2488-93, American Society for Testing and Materials, Philadelphia, Pennsylvania.

Rock-C01or Chart, Geological Society of America, BOulder, Colorado.

5. DISCUSSION

Soil identification techniques are employed to e_hara~terize and describe soil for geologic and hydrologic
interpretation, geotechnical engineering, wellscreen sizing, and a Wide range of other purposes.

6. RESPONSIBILITY

Each individual designated responsibilities for soil identification shall utilize this procedure.

7. EQmFMENT AND MATERIALS

Supplies required for Colder Associates field personnel generally include the following:.

Supply of water
¯ Pocket knife or small spatula
-- Small test tube with stopper or.glass jar with sealed lid

Small hand lens
¯ Pocket penetrometer or shear gage
¯ 1/4" steel hand probe
¯ Notebook

Exploration logs

8. PROCEDURE

8.1 :General

The recommended Soils Classification System is based on the Unified Soil Class’~ication System as
summarized on Figure 1.

c

, -

:22.,..
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The soil description involves the following general format:

(1) Consistency or Density,
(2) Color,
(3) Structural Characteristics,
(4) Composition with Major Component in Capital Letters,
(5) Minor Characteristics,
(6) :Uses Classification in Capital Letters,
(7) Geologic Description in Capital Letters.

Thus, for example, a typical description might include:

Stiff, Light Grey 0qT), stratified, SILTY CLAY, trace Sand, slickensides; (CL) (LACUSTRINE’)

The following sections discuss the different ehments (1-7 above) of the soil description.

8.2 Determination of Consistency or Relative Density

8.2.1 N-Values

The standard penetration test (SPT~, or number of blows required by a 140-pound hammer or weight
dropped 30 inches to drive a two-inch O.D. (13/8-inOh ID) drive-open sampler, wil[indicate the relative
density of cohesionless soils and the consistency of cohesive soils. The standard tests penetrates
18 inches: N values are the blows required to drive the sampler the last 12inches. The blows required to
drive the sampler the first six inches are normally not taken into account unless one or both of the
subsequent blow counts are affected by gravel of cobbles. Blows are recorded for each six-inch interval.
The relative density or coarse-grainedsoils is shown in Table 1.

8.2.1.1 Relative Density of Granular Soils

The relative density modifiers given in Table 1 for coarse-grained soils should also be used for
fine-grained non-plastic soils described predominately by SILT.

8.2.1.2 Consistency of Free-Grained, Cohesive Soils

Shown in Table 2 are criteria for the quantitative and qualitative determination of the consistency oJE
fine-grained, cohesive soils. The criterion based on N-Values is considered unfed’able and should be.’ used
with caution. The criterion based on undrained shear stxength may be used when values of undrained
shear strength are available. The field identification test is simple and reliable and is the method which
can be used in most instances.

8;3 Determination of Color

Color can be an important property in identifying materials of similar geologic origin and in identif)~ag
organic soils. Although qualiiative color names are somewhat helpful, positive color identifications
obtained by comparison with a standard color chart are even more useful If the sample contains layers or
patches of varying colors, this should be noted and all representative colors should be described for moist
samples. If poss~le, color should be described for moist samples. The Geologic Society of America Rock-
Color Chart should be used to identify color. Prov’~e both the color name and chromal hue symbols in
so~ descriptions. Mottled soils show the presence of spots, streaks, or splotches of one or more colors in a

Golder Associates
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soft mass Of another predominant color. In mottled soils, the colors are not mixed and blended, but each
is more or iess distinct in the general ground color.

8.4 Definitions of Struchtral Characteristics ...... ~

8,4.1 stratified

Composed of, or arranged in, layers. The layers are parallel to one another, and composed of soils~’aly
different from each other.

8.4.2 l’aa~

Paper-thin separati0nof one soil type within another. Usually applied to cohesive soils.

8A~ lthythn~c

Consisting of alternative thin layers of sand, silt or clay. Each layer generally less than one-half-inch in
thickness. Lacustrine deposits with animal layers are termed varves or are said to’be yarned.

8.4.4 ~nses

A particular soil type significantly different from the ~u~ro .unding soils which thins out laterally is said be
a lens or be lens-shaped.

8.4.5 Pocket

A different soil type of limited thickness and lateral extent.

8,4.6 Homogenous

Of uniform structure.

8.4.7 Heterogeneous

Consisting of dissimilar constituents, mixed.

8.4.8 Slickensided/Polished/Scratched Surfaces

A polished and scratched surface that results from friction of one block of material moving relative to
another block. Polished and/or scratched surfaces maybe related to minor movementalong
discontinuities or maybe related to faults and termed slickensides.

8.4.9 Fissured

~Ihis term applies to hard, over-consolidated silts and days and refers to physical discontinuities such as
fissures and cracks thatformed during or after consolidation. The abundance and chai-acter of the
fissuring can be descnt~ed as follows:

’Highly Fissured" - Fractures are spaced one-half-inch or closer over most of the interval de~cr~ed.

Golder Associates
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q~&xl, erately F’~ared" - Sample contains two or more fractures or thin fracture zones per six-inch
sample, but average spacing is wider than one,half inch.

q.~ally F’msmed" - Only one fracture or narrow. (Iessthart three inches) fracture zone is 61merved
in a sample.

Fissuring characteristics that can be noted and/or described include attitude, length, width, aperture
(closed, tight, open}, staining/mfilllng, roughness, curvature, continuity, slickensides, polish, gouge,
relation to other structures and other distinguishing features.

8.5 Determination of Soil Composition

8.3.1 General

For imrposes of rob description, the material is considered to be composed of the coarse fraction or of
particlesiarger than theNo. 200 sieve ( + .074 ram) ancl the fine fraction or those smaller than the No. 200
sieve. The coarse fraction is descntmdbased on its particle size While the fines are descn’bed on its
pla~ty.

The following tenninologyis used to denote ’the percentage by dry weight of each soil component:

Descriptive Term , Range of Proportion

Trace 0-5%
Little 5-i2%
Some or Adjective* 12-30%
And 30-50%

*Adjective: silty, sandy, gravelly, e~

Eor example: "SILT, some Sand, trace GraveF describes a basic soil.component of silt
(30-50 percent), with minor components of sand (!2-30 percent), and gravel (0-5~).

Soils are to be described according to the following criteria with the principal constituents written in
capital letters. Other constituents are preceded by descriptive terminology that is used to denote the
percentage by weight of each component. Soildescriptions are determined visually except where
laboratory classification test data are available. The following abbreviations are a~ceptable:

= coarBe

m-- medium
f--fine

8.5.2 l:ieId Indication Tests - Fines

8.5.2.1 Free-Grained Soil Descriptions

The description of fine-grained s0il components (i.e., passing the No. 200 sieve or smaller than 0.074 ram)
is based on plasticity andnot grain size. Thus, terms like SILT, trace Clay or Silt, little Clay are not used.
Rather, the terms, SILT, CLAYEY SILT, SILTY CLAY, and CLAY are applied to the fine-grained
component as a whole. Their characteristics are described in Table 4.

Golder Associates
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85.2.2 Field Test for Plasticity

Plastidty refers to the ability of amaterlal to be deformed rapidly without cracking or crumbling aud then
maintain that deformed shape after the deforming force hasbeen released. A soills said to be hig~
plastic if there is a wide range of moisture content over which it remains in the phstic state. High
plasticity indicates a high day content. Identification of cohesive soils in relation to their plasticity can be
made on the following basis: The natural soil is worked untilits moisture contentis such that a l~ine.h
diameter ball formed from the soilshows a flattened-contact surface of 7/8-’inch diameter when dropped
from a height of t~wo feet (gravel sizes are not included in the ball). The smallest thread po~le without
crumbling ~ then rolled from the above soil sample. The approximate relationships below are then used
foridentification:

Thread Diameter Descriptive Term

1/A-inch SILT
1/8- tO 1/16-inch CLAYEY SILT
1/32-inch SILTY CLAY

1/64--inch CLAY

8.s.2~ Dry Stren~h

A portion of the so/Hs allowed to dry out completely, in air. An angular fragment (about one-half-inch) of
the dried soil is pressed between the fingers. The dry strength of the fragment is expressed as very low,
low, medium, high and very high. Fragments with very high strength cannot be injured at all, whexeas,
those of very.low strength disintegrate completely on gentle pressure. The strength is called meditzm if
the fragment can be reduced to powder only with great effort. Those materials with greater dry strengths
are predominately clayey, and those with less dry strength are predominately silty.

8~5.2.4 Stickiness

A high degree of stickiness in the naturalstate is indicative of higher plasticity.

8~5.2.5 Shine Test

If a moist hnnp of soft is stroked with considerable pressure with the fiat of a pen knife blade or fingernail,
the type of surface imparted is an indication Of the soil Ira shiny surface results, the presence of day is
indicated. Silt is indicated ira dull surface is produced.

8.5.2.6 Gfiffiness Test

THIS TEST SHOULD NOT BE PERFORMED WHEN HAZARDOUS WASTE CONTAMINATION IS
SUSFECTED OR KNOWN TO BE PRESENT. In other cases, when a small amount of the
uncontaminated soil is placed between the teeth, the presence of grit will indicate silt or sand, but if no
grit is detected, a pure clay is present.

Golder Assockdes
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8.5.3 Field IdenUfieation Tests - Organic Soils

son                                             _

Description of organic soils depends on the pexcentage and distribution of.organics in the soil. If the soil
matrix is inorganic with occasional pieces or organic matter, this can be described under.Minor
Characteristics.

If the soills primarily inorganic, but contains a significant amount of organic, the modifier ~ can be
used. If the soilis primarily organic, then-it Should be called a Peat. Examples include:

¯ Silty SAND, occasional organic matter
. Organic SILT
s SandyPEAT

Y

Table 5 includes a system for classifylngorganic soils.

8.5.3.2 Organic Cohesive Soils
L

Organic cohesive soils display the ~ollowing characteristics,

s A dark-brown, dark-gray, bhck color mdtcates the presence of organic matter.

¯ An 6d0r-of decaying vegetation is typical. If organic matter cannot be distinguished, it can
sometimes be brought out by a small amunt of heat-

¯ The presence of fibrous or ro0t structures, twlgs, leaves or shells is common.

¯ At least a three-quarter reduction in the liquid limit value after oven-drying is considered positive
identification of organic soiL

¯ The plasticity of fine-grained organic soils is greatly reduced on oven-drying due to irreversible
changes in organic colloids.

¯ Organic clays feelspongy in the plastic range as compared to inorganic clays.

8.53.3 Organic soil-Peat

Peat is usually dark brown to black; contains fibrous particles of vegetation in varying states of decay; has
characteristic organic odor, is usually spongy and compressible; commonly contains natural moisture
contents of over I00 percent and can contain organic and inorganic silts and clays in varying amounis and
concentrations.

8.5.4 Field Identification Tests- Cohesionle~s Soils

8.5.4.1 Visual idenh~cafion of Grain Size

The constituent parts o[ a soil sample are defined by grain size, as indicated in Table 3.

Colder Associotes
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8-5~4~2 Grittiness Test

THIS TEST SHALL NOT BE PERFORMED WHEN HAZARDOUS WASTE CONTAMINAT/ON OF THE
SOIL IS SUSPEClED ORI~OVVN TO BE PRESENT.                        °~

-The soil is handled lightly between the thumb and forefinger to get an idea of the grittiness or softness of
the soil. A pinch of uncontaminated soil IS smeared with considerable pressure between the thumb and
forefinger to determine the degree of harshness and grittiness. When a small amount of uncontamhlated
soil is placed between the teeth, the presence of grit will indicate silt or sand, but if no grit is detected, an
almost pure clay is present.

¯ Coarse to medium sand exhibits a typically harsh and very grittysmear.
¯ Coarse to fine sand has a less harsh feel, but exhibits a very gritty smear.
¯ /Medium to fine sand exhibits a less gritty feel and smear.
¯ Fine sand has a softer feet and much less gritty smear.

8~5.4~3 Test Tube Test

A small sample of the soil (lumps are first broken up) Is shaken in a test tube or glass jar filled with water
and is allowed to settle. All the fine sand will settle out (four-inch fill) in 30 seconds;, the silt in
,50 minutes. A rough idea of the grain sizes can be obtained by this test.

85.4.4 Dilalancy Tes~

When a wet pat of soil Is shaken vigorously in the hand, the surface will become glassy and show free
water. If the pat of soil is then squeezed in the fingers with free water disappearing and the strrface
becomes dull, the soil is NOT a day soil, but a silt or fine sand. If the free water on the surface disappears
immediately (as walking on the beach adjacent to the water), the soilIs most likely a fine sand. If the free
water tends to ooze away, the soilis most likely silt.

8.5~ Determination of Soll Types

Based on the tests and observations described in the previous text, the soil description can be made by
compiling the properties of the soil and comparing them to Table 2.

8.6 Minor and/or Usual Characteristics

8£.1 General

lVfmor characteristics of the soil sample should be included in its description. These characteristics include
occasional traces of organic debris, mention of other types of deleterious materials such as a trash or
cinder fill, portions of cobbles or boulders received in the sampler, and pockets and/or lenses of material
other than those already mentioned in the description. A minor constituent, such as gravel, which iS part
of the overall soil matrix, would be described using the modifiers presented in 8.5.1.2 (Le., trace; little,
etc.). In some cases, a minor constituent is scattered throughout the unit andis not part of the matrix. In
this case, it would not be described as a minor characteristic. An example would be a lacustrine clay with
ice rafted pebbles. Thus, the soil would be descrFoed as SILTY CLAY, scattered pebbles, and not SILTY
CLAY, little gravel.

Golder Associates



TP-1.2-6
FIELD IDENTIFICATION OF SOIL

Revision Level 7 July, 1996
Page 8 of 18

¯ 8.6.2 Determination of Moisture Content

Moisture descriptions should not generally be used and can be misleading. A general qualitative
description can be applied ff necessary. The following descriptions can be used:             -

¯ Dry:. No discerm’ble moisture p .r~ent.

¯ Damp: Enough moisture present to darken the appearance, but no moisture on materials
adheres to the hand.

¯ Moist:.    Willmoisten the hand.

¯ -Wet: Visible water present; plastic materials willleave sticky residue in hand wtw_n remolded.

As an exampIe; hard clays often appear dry, but may be saturated even above the water table. However,
in soft soils or granular soils, the moisture content can be relevant.

8.7 Unified Symbols

The Unified Soil Classification System symbols should be indicated on the final boring and test pit logs.
These symbols are based on soil groupings as shown on Figure 1.

8A Definitions of General Geol0gie Descriptions

Generally, a geologic term, in capital letters, should be applied to major soil units, if appropriate.
However, in many cases, there is inadequate information to determine a precise geologic description. In
these cases, the term "possible" can be applied (i.e., possible TILL).

As appropriate, specific geologic names such as Lawton Clay can be used. However, when used, there
should be sufficient specific geologic evidence of the name designation. If in doubti do not use specific
name or add "possible."

85.1 Fill

Material placed by humans.

8.8.2 Peat or Organic Matter

Natural deposit composed primarily of organic matter.

8.8.3 Lacustrine Deposits

Deposited in lakes.

85.4 Alluvial Soil

Any so/1 that has been deposited by a strean~ Such soils usually contain some sand and rounded gravel
or cobbles.

Golder Associates
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8.8~ Till

A non~tratified random mixture of Clay, silt, sand, gravel and boulders deposited by glaciers. Alternating
hyers of clayey till and till containlng boulders are possible.                              --

8.8.60utwash

A stratified alluvial soiltransported and deposited by a ghcial mel~,vatex stream.

8.8.7 Loess

A Uniform aeolian (wind) deposit of silty material having an open structureand relatively high cohesion
due to a clay matrix or cementation by calcareous material at grain contacts. A characteristic of loess
deposits is that they display nearly vertical slopes.

8.8.8 Fedogenle Soils

S0iis that have formed inphce due to decomposition of rock. Shales form residual clays. Limestones

for~r lean brown and fat red clays. Granitic rocks form silty sand with angular sand grains.

8.8.9 Colluvial Soil

A nonstratified mixture of angular sand, gravel and boulder size materialaccumuhted at the foot of a
slope or on the slope itself chiefly under the influence of gravity.

8.9 ReactionTo Dilute Hydrochloric Acid

Some soils show definite evidence of cementation in the intact state. Where this is noted, the degree of
cemen~alJon may be described as weak or strong. Since calcium carbonate is the most common
-cementing agent, a report of its presence on the basis of the reaction with dilute hydrochloric acid is.
important. The intensity of the HC1 reaction should be descried as none (NR), weak (WR), or strong
(SR).

--8.10 Report Format

The boring logs used in the report should conform to the general format shown on the attached example
borlnglog, Figure 2. In addition to the bgs, all reports should include the Classification System as slhown
in Tables I through 6. Some specific comments on the fina!boring log include:.

¯ ACTUAL BLOW COUNTS: The actualbIow count raw data shall be shown on the logs; Le., blows
per six inches.

@.

SYMBOL: A column will be used to show the Unified Symbol for the soil.

PENEII~TION/RECOVERY: The amount of saraple penetration and recovery will be shown on
the log.

COLUMN FOR LAB TESTS: The locations of all lab tests (except for water contents and Attexberg
limits which are shown graphicaUy) should be indicated in shorthand as shown on the Sample Log
and on Figure 1.

Golder Associates



TP-I.2-6
FIELD IDENTIFICATION,OF SOIL

Revision Level 7 July; 1996
Page 10 of 18

SOIL CONTACTS: Under "Description" on Figure 2, horizontal solid and dashed lines are used to
represent soll contacts. Solid lines represent soll contacts between major uni~; daslied lines
~pre~ent :gradation contacts ~ the same major unit. Inclined lines in the JIgSCS Class" column
repres~t ~ty of the depth of actual soil’contact .....

TYPED:. Logs shall be typed andnot hand-lettered unless requested by the client.

PIX)TIING OF BLOW COUNTS AND MOISTURE CONTENTS: Alllogs shall include a disclaimer
relating to these plots due" to the rmb~ity associated wlth interpretations that could be applied to
these graphs.

Golder Associates
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TABLE1

Relative Density

RELATIVE DENSTI~ :OF COARSE-GILAINED SOILS
-. . .

N, Blows/Fo_ o~ Field Identification

V~y Loose I 0a ~"y m-~em~d ~th shovel handle.

Loose 4-10 "~ib] penetrated with ~4-inch steelprobe pushed by
hand. Easily excavated withhand shovel.

Compact 10-30 Penetrated 6’r or less with l/4:mch steel probe pus:hed
by hand. ~t to excavate with hand shovel

Dense 30-50 Penetrated 2~ or less with Y4-inch steel probe pushed
byhand. Mustbe loosened withpiekto excavate.

VeryDense" >50 Cannot be penetrated with’l/4-inch steel probe "
pushed by hand.

*Judgment required if soils contain gravel and cobbles since the "N" value may be
unreliable in determining relative density.
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TABLE 2

CONSISTENCY OF COHESIVE SOILS                               __

, , ~, , ,-, . ", .,

N (blows/P~) Undrained Shear Fmld Identification
(unreliable)

Very soft Less fllan 250 Extrudes from be~veen fingers when
sqUeezed in hand

2so-5oo Molded by light finger pressure

4-8 500-1,000 Molded by strong finger pressme

=.,

Stiff 8-15 1,000-2,000 Indented by thumb

I.
veryst 15-30 2,00o4,o00 Indented by flmmbnall

’i-Iard Greater than 30 Greater than 4,000 Difficult to indent with "~’mmbnail

*Undrainea shear strength eq~ab One-roll the unconfined compressive strength.

.
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TABLE B

COMPONENT DEFINITIONS BY GRADATION

Component SizeRange

Boulders Above 12 inches in diameter
Cobbles 3 to 12 indies

Gravel a  s*0No.4 �4:76
Coarse Gravel 3 inches to 3/4 inch
Fine Grave1 S/4 inches ~ No, 4 (4.76 nun)

Sand No.4.(4.76 ram) to No. 200 (0.074 ram)
Coarse Sand No. 4 (4.76 nun) to No. 10 (2.0 nun)
Medium Sand No. 10 (2.0 nun) to No. 40 (0.42 nun)
Fine Sand No. 40 (0.42 nun) to No. 200 (0.074 nun)

Silt and Clay Finer than No. 200 (0.074 ram).
i

COMPONENT PROPORTION

Descril~dve Term Range of Proportion

~ce 0-5%
Little 5-12%
So~e orA,dje~ve* - lZ-30%
*Adjective: silty, sandy, gravelly,etc.

For ex~ple: "SmT, someSand, ~race Gravel" describes a basic soil
component of silt (30-50 percent), with minor componentsofsand (12.30
percent), and gravel (0-5%).
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TABLE 4

¯ Desc~ptive Term ......Plastic Index* "
S’mT Less-thar~2

CI.,A~/SILT

CLAY

¯ ~ GRA-----------------4N DESCRIPTIONS-

......... : .... _ .... . .....

low cry strength; hasalmost a ~.
appearance mad feei;thmadeamaOt be rolled or
can only be mIhd with g~eat difficulty. .
Notioaable respome to shaking and squeezJ[ng
test, but appreciably less pronounced than Jbr
silt; low medium dry s~rength; slightlysticky, .
slightly slick and smooth smear; can roll a tluead
easily.
No ~ponse to Shaking and squeez~g tes~

¯ medium to high dry strength; rather sticky when
moistened; moderately slick and.smooth smear;,
can roll a thread when mo~i~, erate.ly dry.

i No response to shakingtest; high to very high
dry strength; slick.and waxy; can roll a thread
when qui~. dry. ...........

2-15

15-40

Greaterthan40

*Plastic’Index:. Liquid 1knit minus p .lastic limit.

DESCRIPTION BASED ON ~ TEST FOR PLASTICITY

’" Thread Diameter " . . Descriptive Term " ..
1/4-inch : SILT

1/8- to 1/16.-inch CLAYEY SILT
1/32-inch SILTY CLAY
1/64-inch CItY

Golder Associates
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TABLE5

SOIL CLASSIFICATION FOR ORGANIC SOILS

Content "Symbols (3um~ter~t~ Test V~s
(See T~ 3)

V’~I Identifimtion
FIBROUS XEAT w~-S0Otoi20~
(woody, mat,, e~) oBeBel~icat W=-- T-60toY0F~

~ cm.~iembly ~ ~r G-12XtoUt
7StolO0% dtyin~ Muchwater C/O+~.)=~L+

ORGANIC Pt ~lueezes ~m sampl~
MAaTER FlmCa~NEo visible o~ inferred Li#~ ".we~ht, ~tmt w=--400 to t~O%

PEAT (amorpho~) not often elastic at wa- LL- 400toS~O~.
ramnh mmideratay.aa alr PI-200~m~0

dry~n~ Muchwater ¥-60 toTOp,ff
-G-12Zto 1~;
�4(I+eo)=2~ to .~t

mlty Peat Rdatlwly li#t W~igM,
~pongy. Thread ummlly LL -- 25O to ~R}0%
weal< ~I ~ongy near PL PI- 150 to 350
Shrlr~.o~ ~ir dryln~
im~li~m dr>, ~m~a~ G-1~to22!
Umally ~m ~Fteeze w~ter c~+~)=:., to .4

30 to Z~% Organics from sample x~mdily ~&>w
HIGHLY .either Pt dihtenc]r..
ORGANIC Sandy Peat vg-~l e or inferred Sa~ fraction visible. w.- I00 to~.~%

Xlmmd weak end friable LL-- X~0to :400~ ~lot
near I’L; ~inks ~mair
~--~ ~o. ~/~m. PI-50to 150

W-~0 to I00 IX~
G-!.Sto2.4

dihtency-%tlttyr c-~(~+eo).--.’~to.~

Cmy~yORC.~C ........ Ofte~has mtmgH2S &tot. w~- 65to 200~
SILT 21rmad may be tough LL- 65 to L50%

delmndlngon clay (usually p~ at or n~a~
f~action. Medlumdry Arme)
sumOh, s~w m~temy. PI-~ 50to 150

5~ ~,.~ G-Z3to~
ORGANIC
so~ ....... c~-wo)=;z0toorganic SAND ~r visible or inferred OL wa - 30 toil%

SILT near-PL- or maynot rt~ LL-30to100%
.at alL Low dry ~ml#9 (umaliy plot wdl
m~lium to high dilateamy. below A I~_-)

, PI - nmx-pk~V~cto 40

G-14toX6
~(I+~)=.I to

SLIGHII.Y SOIL FRACTION Lessthan5% : IX, p~,,d upo~ Depend ulma the ~i, er~ up~
ORGANIC add sYaghtly Organic O~ combined characteristics of the ’ inm-g~c ~adlor~.
SOILS visible and inferred fraction ku~p~’fraction. . .- , .... ,     . j

Golder Associates



TP-1.2-6
TABLE6

DES~ION OF SOIL BASED ON OBSERVATION AND TESTS..

Typical Name

BOULDERS
COBBLES
GRAVEL
Coa~e to
-Fine SAND

Description

larger than 12 inches in diameter
3 to 12 inches in diameter
No. 4 sieve to 3 inches in diameter
No. 200 to No. 4 sieve sizes;all
particles are visible to the nal~ eye

’ " Dilateney ...... Test Tube Plasti- - I~’. sma- -s~e
Test Test aty Strength ne~ Teat

fine SAND rapid
130 see’

none ~extremdy. none none.

SILT ~mtxlerate 50 mitt none ...... very low nolle none

sI~ slow +50 rain ...... s~ghl loW ...... none none

CLAYEY SILT ¯ nolle hollI~ ’ medium lowtohigh’’ s~sht smooth & dull

SILTY CLAY ,I
none hours ~gh medium to moderate ’modera.tely

to tagh sllek & smooth

CLAY none + 24 hours veryhigh high to very high to slick t. waxy
~gh very high

organic SILT moderate slight t6 IOW none dull&silky
medium

organic CLAY none hrs ¯ medium to mediumto moderate dtdl, smooth &
tagh high to high s~
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Unified Soil Classification-_Sys|em

Crlte.r;o for Ass;gniog G~oup Symbols ond Nomes

Relative Density or Consistency,
UbTrzing Standard Penetration Test Values

DeScriptive Terminology Denoting
Component Proportions

Descr;pt;ve Terms Ronge of Pro,port+on

T~oce O -SX
ut~

or +,,m,,+~ (+"> 12-30~
30-50X

Component DeflniUons by Gradation

Componetd ~ze Ronge

Sample,,;

Sompl~
l

Sulk
|

Coced . |

advonced ~’th 140 lb. ~
.30 In. drop.

Laboratory Tests

Test

0)
0

C.m;n G
H’/dronmter It

Atterbcr9 t.~n;~s O)
Consol;~t;on c
Lk~cont~d U
UU TI~= UU
OU Tr~x CU
CD Td~x CO

r,mmeob;Gt¥ P

Silt and Clay Descriptions

Oescr~ptlon

Silt
c~,,y sm c~-u~ 0o,, ~’~)
: satx c~oy CI_

Cloy CN
MH

oL OH, Pt

SOIL
FIGURE 1

CLASSIFICATION
TP-I.2-6

C=% DJI~tP31024~SOILCLAS " 4--t7--96 10:.33 xrf: NONE Colder Associates
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1.0 PURPOSE

This Technical Procedure is to be used to establish a uniform procedure for executing rising head and
falling headslug tests.                                                     ~’--

2.0 APPLICABILITY

This Technical Procedure is applicable to all persons or parties involved with rising head and falling head
slug testing.

3.0 DEFINITIONS

3.1 Rising Head Slug Test: A controlled field experiment e0nduotedin a single borel~le to
determine the hydraulic properties of water-bearlng rocks. The test is performed by
measuring water level recovery in a well as a function of time, following: near
instantaneous withdrawal of water.

3~2

3.3

3.4

Falling Head Slug Test: A controlled field experiment conducted in a single borehole to
determine hydraulic properties of water,bearing rocks. The test is performed by
measuring water level recovery in a well as a function of time, following: near
instantaneous addition of water or a solid rod.

MeasuringPoint: A permanent point to whiehwater level measurements are referenced.
Top of the borehole easing is commonly utilized as a measuringpoint.

Displacement: Change in water level from smile condition.

4.0 REFERENCES

B0uwer, H. and R.C. Rice, 1976. A slug test for determining hydraulic conductivity of unconfined
aquifers with completely or partially penetrating wells. Water Resources Res., Vol. 12, pp, 423-428.

Cooper, H,H., J,D. Bredehoefl, and I.S. Papadopulos, 1967. Response of a finite-diameter well to ant
instantaneous charge of water. Water Resources Res,,Vol. 3, pp. 263-269,

Krusema_n, G.P. and N.A. de Ridder, 1990. Analysis and Evaluation of Pumping Test Data. (Chapter 16
Slug Tests). Second Edition. International Institute for Land Reclamation and lmprovement/ILRI.
Wageningen, The Netherlands.

Uffmlq G.J.M., 1984. Theory of the oscillating slug test. Nati. Institute for Public Health and
Environmental Hygiene, Bilthoven. Unpublished research report, 18 pp. (in Dutch).

5.0 DISCUSSION

The outline of this procedure table around the well assumes negligible drawdown of the water and no
flow above the water table.

"11, t.2-17sev2
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6~

7.0

RESPONSIBILITY

6.1 Each Field Engineer performing a rising head or falling head slug test shall be responsa-ble
for proceeding with testing in compliance with this teelmieal procedure.

6.2 Task Leader shall be responS~le for:.

¯ Direct supervision of personnel performing the test.

¯ Assurance that equipment and materials are available to permit accomplishment of
the task.

¯ Determine duration of water level monitoring.

* Determine time intervals between readings and depth of suction hose.

EQUIPMENT AND MATERIALS

7.8

7.9

¯ 7.10

7.1 Data sheets for slug test-field record (Exhibit A)

7.2 Water level sounder accurate to a minimum of 0.03 feet.

7.3 Siop watch.

7.4 Field notebook.

7.5 Folding rule or spring-wound tape measure.

7.6 A pump or bailer of suitable design to evacuate the water from the well bore rapidly for
rising head test, or a slug rod of the appropriate diameter for falling and rising head tests
(preferred).

7.7 Hoses ofsuftieient length and annular rigidity to convey water under expectedpressures
(if using a pump).

Semilog graph paper.

Pressure transdueer, datalogger, and software.

Laptop computer.

&0 PROCEDURE

General Pretest Setup and Monitoring

8.1 Record data at top of Rising/Falling Head Slug Test Field Record data sheets (Exhibit A).

8.2 Ifusing pressure transducer and datalogger, install pressure transducer in well, taking care
to submerge transducer sufficiently so that it will be at sufficient depth to avoid being
damaged when a slug rod, bailer, or pump is lowered into the well for the test. Program
transducer and data logger to eollect test data.

8.3 Monitor water level for a time period of at least 1/4 of the anticipated test dural2ion to
determine static water level or water level trends. Refer to Golder Associates Quality
Assurance TP-1,4-6 for instructions on measurements of water levels. Measurements; shall
be taken as depth below a specific permanent measuring point (i.e. northwest rim top of
casing).

T’P 1.2-17a’ev2
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8.4 Us.e water level s°under to sound depth. of water and record. Start transducer and data

¯. -logger for test data collection.

~ng HeadTest

8.5 Ir~ert slug rod rapidly into well easing below the statie..water level, .taking Care_not to
damage tmnsdU0er, to predetermined depth, and record water level decline. Keep. slug rod
in well until thewater level recovers to pre-test levels. Once the water level recovers to
the pretest level, a rising head test can be performed (see next Section). If using a
transducer and datalogger, download the test data and perform a preliminary assessment of
the data quality. If using a water level tape, plot the data to perform a preliminary
assessment of the data quality.

Rising Head Test

8.10

8.12

8.6 Reprogram the transducer to eolleet data from a new test. Monitor the water level for a
time period of at least 1/4of the ~tieipated test duration to determine staticwater level or
water level trends.

8.7 If using a pump, start pump and operate at full throttle. When water level reaches sueti0n
intake start stop watch and remove suction line from well easing; flaen shut off pump.

8.8 If using d bailer or slug rod, rapidly remove bailer or slug rod from hole,-Start]stop watch
when bailer begins to be removed from’the hole.

8.9 Monitor mad record rising water levels and their time of occurrence as frequently as
possible maul the smile water level is reached.

Cheek data by downloading the transducer and plotting log drawdown versus time, or
manually plotting the data.

8.11 D~m test unsuceessfui anti reapply if less than 3 points were recorded, or if data do not
plot w~th reasonable linearity (see Bouwer, 1978, p. 117).¯

Calculate geometric factors necessary for data analysis and record on Exhibit B,
"Geometric Factors .for Rising Head Slug Test Analysis" and perform data analysis as
described by Bouwer, 1978, Cooper et al. 1967, or Uffmk I984 (see Appendix A).

4--
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aob No.
Job Name

By
Date

Well Identification

EXHIBIT A

RISING ’HEAD SLUG TEST FIELD RECORD

Test No.

Measuring Point Description.

MeasuringPoint Elevation (datum:)

)

Radius of Well Casing (rc)

Radius of Well plus developed zone outside casing (rw)

Depth of Well (Below measuring point [BMP])

Height of screened or uncased section of well (Le)

Static Depth of Water (BMP)

Depth of Suction Line (BMP)

Time Depth to Water Drawdown Remarks
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Job No.
Job Name

.By
Date

Test No.

)

Time Depth to Water Drawdown Remarks



Job No.
Job Name

By
Date

EXHIBIT B
GEOMETRIC FACTORS FOR RISING HEAD sLUG TEsT ANALYS]S

Well Identification

I’ ’: I I
’ m l

~///////////////h 7///,

IMPERMEABLE

(See Bouwer, 1978, Appendix A for explanation Of symbols)
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aquifer), the term In [(H- L,,)/rw] in Eq. (5.42) ~annot be used. For this situation,
the equation for In (R,Ir,,) is

R. 1
In

:r~: I. I -C
(5.43)

ira.i,.) +
where Cis a dimensionless coefficient shown in.Figure 5.11 as a function of Lelrw.
The value of In (R,/r~,)calculated with Eqs. (5.42) and (5.43) is within l0 percent
of the analog value if L, > 0.4/,,, and within 25 percent if Le < 0.2/,,.

Since K, r,, R,, r,,, and/~ are constant fora given well, lit In (Yo/Y,) must
also be constant, as indicated by Eq. (5.41). Thus, when the observed values ofy
are plotted against t On semilogarithmic paper.(y, on the log scale), the.data points
should form a straight line. This isexemplified in Figure 5.12, showing data from a
slug test on a well in the Salt River bed west of Phoenix, Arizona (see Problem
5.7L The data begin to deviate from a straight line.at small y, probably because
of measurement error. The straight-line portion of the points should be used to
evaluate lit ’In (YolY,) for calculation of K,

¯ The time igor., necessary for the water level in the well to rise 90 percent of the
distance back to the equilibrium level, is’given by the equation (Bouwer and Rice,
19"16)

,i        r<~ . R,
too~. ~ 0,0527 k"i" In --               (5.44)
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4o F!II~.~I2 ’Plot of ), venus t for slul’iSl oe
East Well.

If K and/or/.,, are relatively large, t,0~ may be only afew seconds, Such fast
water.level rises can be measured with .sensitive pressure transducers and fast
sfrip-chart recorders or x-vs.-y plotters to record the ttan~ucer output,

Although streamlines in flow systems around,slug4ested wells contain both
vertie, al and horizontal’portions, most of the head loss is dissipated in a horizontal
direction (Bouwer and Rice, 1976). Thus, K yielded by the ’slug .lest primarily
tel]cots K in horizontal direction. The portion of the aquifer on which K is
measured is approximately a cylinder with a radius, of about Re and. a height
slightl); larger than L,. The T value of the aquifer is obtained by multlplylngK by

’ H, assuming of �ourse.tiiat the aquifer is uniform,
Since the water table in.the aquifer was held at a constant level and taken as a

plane source of water in the analog evaluations ofR.,,the slugtest of Bouwer and
Rice can also be used to estimate K of confined aquJfe~ that.receive most of their
water from the upper confining layer, through leakage or compression.



5.3.1 Slug Te.

Cooper ct al. (1967) obtained a solution of Eq. (4.21.) to calculate T and .S of
confined aquifers from the rate of rise of the water level in a fully penetrating well
after a sudden removal of a slug of water. Type curves were prepared so that T and
$ could be evaluated by matching field data with type curves, similar to the Theis
procedure.for pumping tests. The S value obtained with this technique may not be
reliable because the shape.of the type curves is rather insensitive to S (Lohman,
1972).

t.,

]F’lpfe 5.10 Geometry and symbols of partially penetral-
,i~8. partially perforated well in unconfined aquifer with
gravel pack or developed zone around perforated section,

............................ .,, r,.A.s,.,u,v,’rv, s~c~tc vmcD. smltA’~"coe~tcmm’ llS

A slug-test procedure applicable to fully or partially penetrating wells in
unconfined aquifers was developed by Bouwer and R i~ (!976). The procedure is
based on the :rhlem equation (4.3) and assumes negligible drawdown of the water
table around the well and no flow above the water table. The term .hz- ht in
Eq. (4.3) then represents the distance y of the water level in the well below’ the
water table (Figure 5,10). The rate of rise dy/dt of the water level after removal of
water is expressed as

i ’

where r, iS the radius of the well section wheie the water level is rising and {2 is the
flow of" groundwater into the welt. The minus sign in Eq. (5.40) is introduced
b ecau~, y decreases with increasing t, so. that dy/~t is negative. SUbst!mting the
Thiem equation (4.3) for Q in Eq, (5.40), integrating, and solving for g yields

K in ! (5.41)=     2~     t y,

where Re = effective radial distance over which the head difference y is dissipated
r,, = radial distance between well center and undisturbed aquifer (rt ]~lus

thickness of gravel end, elope or developed zone outside easing)
/.~ = height of perforated, screened, uncased, Or otherwise open section of

well through which groundwater enters
Yo = y at time zero
y, =,y at time t

t = time since Yo

The effective radius R, is essentially the effective value ofr~ to be used in Eq. (4.3)
so that it gives ihe correct value of Q (the Thiem equation was developed for
horizontal flow only and as such cannot be used to calculate Q for the.system of
Figure 5.10). Values of Re were experimentally determined With a resistance
network analog for different values of r,,,/.~,/~ and H (see Figure 5.10 for
meaning of symbols). The following emptn’cal equation was then developed to
relate R, to the geometry and boundary conditions of the system

In R.,=                     !
r,, ~ l.l - A=~ B in[(H ~)/r,,]     (5.42)

in (L./r.) +     (LJr,,)
where A and B are dimensionless parameters shown in Figure 5. [ ! in relation to
L,/r,,. If H is much larger than/~, a further in~rease in H has little effect on the
flow system and, hence, on R,. The analog analyses indicated that the effective
upper limit’ of In [(H-l~/rw] is 6. Thus, if H-/.~ is so large that
In [(H -/.~)/r,,] > 6, a value of 6 should still be used for this term in~Eq. (5.42),
including the theoretical case or H = 03. If H = L~’(wefl penetrating toibottom of

I

,.                     i
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1. PURPOSE

Thistechnical procedure establishes uniform methods for sampling surface soils for chemical
analysis.

2. APPLICABILITY

This Tedmical Procedure shall be used by all Golder Associates Inc (Golder) personnel
sampling surface soils for chemical analysis.

3. DEFINITIONS

3.1 Sur~ee Soil

Surface soilis defined as consolidated soil on the land ~urface or as exposed by an excavation or
boring witlfin twenty (20) feet of the land surface.

3~ Sampling Interval

The sampling interval is defined as the strafigraphie depth represented by the soil sample.

3.3 In Situ Soils

The term in-sltu soils refers to soilsas they occur in place within the soil column.

4. REFERENCES

Golder Associates Technical Procedure TP-1.2-23, X~hain of Custody."

Colder Associates Technical Procedure TP-1.1-2, "Geodetic Surveys,~

5. DISCUSSION

None

6. RESPONSIBILITIES

6.1 Sampllng Technidan

The Sampling Technician is responsible for completing the sampling assignment in ac~o~rdance
with this Technical Procedure and governing project plans or instructions.

Goldei, Associoles
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6.2 Task Leader

The Task Leader is responsible, within the guidelines of governing phns or instructions, for
determining which soils shall be sampled and for monitoring the sampling process to ensme
that procedures and documentation are in accordance with this document. ....... ~.

6~ Project Manager

The Project Manager or a qualified designee is respom~le for determining the type of chemical "
analyses robe performed on soil samples, and for defining such requirements to project staff
through appropriateplans or instructions.

7. EQUIPMENT AND MATERIALS

Brtmton compass, 0° to 360° divisions;

¯ site map and clipboard;

¯ bound field logbookor field repo~ forms (Exhibit A);

¯ assorted standard field equipment (e.g., hammers, post-hole digger, shovel, hand auger)
for exposing soils to be sampled;

¯ measuring tape;

¯ engineer’s rule (six feet long, with 0.10 .�oot graduations);

¯ indeh"ole inkpens;

* two-inchwoocl stakes and colored flagging material;

¯ if required, sampling equipment appropriate for soils to be analyzed for non-volatile
constituents; all such equipment shall be metal (steel, stainless steel or aluminum) and
may include hand augers, hand scoops, sampling thiefs, sampling dredges, core
samplers, or sampling triers. If volatile constituents are to be analyzed in the soil
samples, sampling equipment shaIl be designed to mininiize expc~ure to the
atmosphere. As an example, a metal drive tube appropriate for the size of the soil
particles and slightly smaller in diameter than the wide-mouth glass sample bottles may
be used, with appropriate sample extraction acoessories;

¯ sample bottles, sized appropriately for the desired sample and soilparticle size;

¯ Chain of Custody records, seals, and sample labels as required by procedure TP-1.2-23,
~--~hain of Custody~;

¯ appropriate decontamination solufion~ such as organic free disfilled/deionized water,
non-phosphate detergent, tap wa~r,

¯ decontamination equipment such as brushes and sprayers, and drums or applicable
plan or conlainers for capturing decontamination waste solution; and
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¯ thermometer conirolhd in accordance with Golder’s quality procedure for cah~rafion of
measuring and test equipmenL

8. PROCEDURE

8.1 Sample Loeatlon

Location mapping shall be to the level of detaR required by the applicabh plan or instmetiom,
and sound engineering and geologic practice. If the base map for the sampling site is of
sufficient accuracy, the sample location may be appsoxlmated within a 10’ radius and physically
identified by a wood slake marker. If the base map does not have the required accuracy,
locations shall be described by either (1) tape measurement from three permanent features
identifiable on the base map; (2) measured along a compass bearing ~rom a permanent feature;
or (3) triangulated with compass bearings from three permanent features identifiable on the
base map. Compasses may be used only when the site does not contain magnetic or large metal
objects. The locations so derived will be identified by a wood stake n~arker with lest Fit
designation, and recorded as descnt~ in Section 8~ When required by project directive,.all
location markers will be geodetically surveyed!in accordance with TP-1.1-2, "Geodetic Surveys."

8.2 Documentation

Final sample location, sample typ;es and numbers, and relevant sampling events (including on-
site personnel and all visitors) shall be recorded on Field Report forms (Exhibit A) or bound
field logbooks. Events shall be recorded chronologically, with the time of each event noted.

8.3 Decontamination

All sampling equipment shall be decontaminated prior to the start of sampling activities and
between each use. Unless other decontamination procedures axe specified in the project plans
or instructions, the following steps will be followed. The sampling equipment shall be washed
with non-phosphate detergent solutio~ Brushes shall be used to aid in removing all visible soil
or griL A tap water rinse shall be used to thoroughly remove aRdetergent solutiorL "lhe final
rinse shall be with organic free distilled/delonized water. All waste wash solutions shall’be
captured and disposed of in the manner defined by the applicable project plan or instrudion,
in compliance with applicabh regulatory req "mrements.

8A Sampling

The soils to be sampled shall be exposed prior to sample acquisitio~ If the upper six inches of
soils are to be sampled, then surface vegetation shall be removed. If samphs are to represent
discrete depth intervals below land surface, then overlying soils shallbe removed by a Shovel,
post-hole digger, hand auger, or other appropriate method to the desired interval For ]~ose
watery sediments from stream bottoms, a pond sampler, sampling dredge, pail, or ladle can be
used. The sediment sample should be aIlowed to setth and the extra water decanted prior to
transferringsamphs to containers. For cohesive wet or dry stream-bottom samples, a verticab
pipe, sampling dredge, or core samphr can be used and driven into the stream bed to the
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selected depth. An in-situ soil sample shall be obtained from the desired samplinglnterval. If
the required analyses do not include volatile constituents, an in-situ soil sample can be obtained
using a hand sc~p, hand auger, sampling thief, or sampling trier. The soils shallbe visually
inspected and immediately put in~ the appropriate sample bottle as required by the governing
project plan or instruction. No presei’vatives shallbe added to the sample.          _ ~

If soils are to be analyzed for volatile constituents, the sample shall be obtained from the
desired interval using a drive tube sampler. Contact between the atmosphere and the sample
must he minimized; the drive tube sampler shall be driven into the materials witha hamn~er,
and the sample extruded directly into the appropriate sample bottle. An air-tight cap shall be
immediately placed on the sample bottle;no preservatives shall be added.

If a backhoe is used to expose sampling intervals for analysis of volatile constituents, a hand
auger or drive tube may be used to sample the test pit walls or floor when the test pit is less
than four (4) feet deep. If the test pit is greater than four (4) feet, a relatively und~turbed
sample may be obtained from the backhoe bucket using a drive tube sampler.

8.,5 Composite Samples

If soil sample Composites are to be established, equal volumes of individual samples shall be
added together for the composite sample. At least three small, equal sized samples from several
points within afive foot radius shall be collected, Samples will be placed into a clean,
decontaminated stainless steel container and each portion will be stirred together into one
composite. The composite sample shall be given an individual sample number, and the s~lmple
number of each contributing sample recorded in the field logbook or Field Report form.

8.6 Sample Labeling, Handling, and Shipme.-.t

Samples shall be immediately labeled, sealed with a tamper-proof seal and relevant
data recorded on individual Chain of Custody forms as reqilired by TP-l~-22,, "Chain of
Custody." Samples shall be placed in a chilled cooler at appro "xunately 4° C, + 2°C, as soon as
poss~le. A thermometer shall be placed in the cooler for temperature monitoring purposes.
The cooler shah remain in sight of the Sampling Technician at all times, or be kept in lodged
storage, as required by TP-l:?,-23.

Samples shaR be forwarded to the analytical laboratory ac~mpanied by the Chain of Custody
record, in compliance with TP-1.2,23 requirements. When samples are ready for shipment, the
Task Leader shall release the sample to the carrier, who shaU also sign the custody fornt The
Chain of Custody form is in triplicate. One copy ofthe form shall be retained by the Task
Leader, the original form and the remaining copy shall be shipped with the sample. Upon
receipt at the laboratory, the laboratory custodian shall verify the integrity and identification of
the sample, sign the form, and return the original copy to the Task Leader or Project Manager.
All originals shall be retained in the project ~cords.
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8.7 Site Restoration

Any excavation or hole made to obtain samples shah be backfilled with the excess material
removed from the hole, unless other requirements are invoked by governing plav~ or
imtruetions.

8~ Field Change Request

Variation from established procedure requ/rements may be necessary due to unique
drctm~tanees encountered on individual projects. Allvariatiom from established procedures
shall be documented on a lVmlcl Change Request florin ~’bit B) and reviewed by the Project
Manager and the QA Manager.

The Project Manager may authorize individual Fieki Engineers to i~tiate variatiom as
nec~sary. If practicM, the request for va .riafi0n shallbe reviewed by the Project Manager and
the QA Manager prior to implementation. If prior review is not possible, the variation maybe
implemented immediately at the direction of the Field Engineer, provided that the Project
Manager is notified of the variation within 24 hours of implementation, and the Field Ch~age
Request is forv~ded to the Project Manager and QA Manager for review within 2 working
days of implementation. If the variation~s unacceptable to either xeviewer, the activity sl~lll be
reperformed or action shall be taken as indicated in the Comments section of the Field Clmnge
Request form.

All completed Field Change Request forms shall be maintained in the project records.

Golder Associates
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I, PURPOSE

The purpose of this technical procedure is to establish a uniform methodolggy for logging
and sampling of soil exposed in test pits for geotechnical engineering purposes.

Y. APPLICABILITY

This procedure shall apply to all routine logging and sampling of test pits for geotechnical
engineering purposes for projects managed by Colder Associates’ Redmond, Washington
office. This procedure may be invoked £or activities conducted from other Colder Associates
offices upon nmnagement request.

3. DEFINITIONS

3.1 Test Pii= A test pit is a supported or nonsupported excavation created to expose sm~cial
soils for in-situ geologlc examination and/or sampling.

3.2 Test Pit Logging: Test pit logging consists of direct observation, identification,
interpretation, and documentation of geologic information exposed in the verticaI or
near-vertical wails of test pit excavations.

3.3 Geotechnical Sample: A geotechnical sample is a soil sample retrieved from a test pit
excavation for purposes of physical properties testing in support of geotechnical and dvil
engineering investigations. When such samples support environrnenf~l remedlafion
activities or are collected in areas known to be contaminated with hazardous wastes, a
greater level of care is reqtfired to preserve anddocument sample identification, integ~ty,
traceability, and in-situ characteristics. Hazardous geotechnical samples are subject to the
full range of chain of custody controls described in TP-l~Z-23, "Chain of Custody."

4. REFERENCES

4.1 Golder Associates Inc. Technical Procedure TP-1.2-6, "Field Identification of SoiL"

4.2 Colder Associates Inc. Technical Procedure TP-1.2d8, "Technical Procedure for Sampling
Surface Soil for Chemical Analysis.~

4.3 Colder Associates Inc. Technical Procedure TI’-12-23, "Chain of Custody."

5. DISCUSSION

Test pit logging and sampling activities are routinely performed to define subsurface site
conditions for prospective engineering projects. Depending on the type of site and the
purposes of the investigation, test pit logging and sampling may be the only subsm~ace

Golder Associates
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method used, or may be used in conjunction with other methods. The logging methods
discussed in this procedure are suitable only for general geott~hnieal engineering purl~;es,
and are not intended to provide the level of detail or documentation necessary in trench
excavations (which are nommlly ~equired/or detailed fault analyses, for site characterization
of nuclear facilities, or for other major construction projects with extensive subsllrface -
investigation requirements). The sampling techniques described in this procedure provide
the means for obtaining both disturbed and undisturbed samples for physical properties
testing~ If it is necessary to retrieve sampIes for chemical analysis, sampling methods shall be
in compliance with TP-12-18, ~Technical Procedure for Sampling Surface Soil for Chemi(~d
Analys~?

6. RESPONSIBILITIES

6.1 Field Geologist/Engineer: AlIField Geologists/Fmgineers assigned test pit logging and
sampling responsibilities are responsible for compliance with this procedure. Field
Geologists/Engineers are responsible for directlng the activities of their subcontracted
backhoe test pit exploration or excavatdr operator, and for accurately and thoroughly
documenting all site activities. They are responsible for verif~g with the Project Maxtager
that there are no site access restrictions and a utility locate has been performed. In sitt~diom
in which unexpected environmental contaminants or hazards to pexsonneI are encountered,
Field Geologists/Engineers are responsible for immediately ceasing work and notifying the
Project Manager.

6.2 project Manager:. Project Managers are responsible for ensuring that all Field
Geologisls/Engineers assigned logging and samplingresponsibilities have been properly
Irain. ed in the requirements of this procedure. On-the-job training under the guidanoz of an
experienced Field Geologist/Engineer is permitted at the.discretion of the Project Manager,
provided that the training is properly documented by a memo to file. Project Managers are
responsible for securing site access permission, conducting a utility locate, defining the pit
specifications, the required level of detail for logging, the number and type of samples to be
retrieved, and the required type of physical analyses. Project Managers are also responsible
for development and implementation of site specific safety plans for investigations at known
hazardous waste sites.

J

7. EQUIPMENT AND MATERIALS

@

@

@

IQ

O

site map
Brunton compass
tape measures
pocket penetrometer
6 ft. engineer’s folding rule
pit marking materials (flagging, stakes, and nails)
standard Field Report Forn-a (Exhibit A)
camera and film
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standard Field Test Pit Log ~orms (ExhibR B)
other slandard field support equipmeut (rock hammer, trowel, shovel, pep~
magnifying glass, color chart, copy of TP-1.2-6, copy of this procedure, adhesive
sealing lape, etc.) .....
hard hat
Shelby tube sampler, with extra tubes and caps
plastic or cloth sample bags, sample bottles, or plastic buckels
as required
sample labels (Exhibit Q

Additional equipment required for hazardous waste sites may include:

oxygen analyzer andorganic vapor monitor
respirator, tyvek suit gloves, and other personalprotective gear as required, by
the project-specitlc site safety plan or other safety directive
sample labels and seals {Exhibit C)
Chain-of-custody records (see TP-1.2-23, "CIvain of Custod)~)
sampling tool deconlamination solutions, such as non-phosphate detergent, lap
water, and acetone
decontamination eqm’pment such as brushes and pressure washers, with
conlainers for capturing waste solutions

8. FROCEDURE

8.1 U~2ity Locate

Frlor to beginning test pit excavations it ~ the responsibility of the Field Engineer/Geologist
to check the utility locate marks to determine that no utilities exist near the test pit area.
Underground utilities are normally marked at the ground surface with spray paine ~ae
color of the paint normally indicates the type of buried utility.

¯ red - power
¯ yellow- gas

blue- water
¯ orange - cable, TV, phone
¯ green- sewers

Test pit excavations should be kept a minimum of 15 feet from buried utilities. Some larger
utilities such as gas mains, fuel product lines, and most large water mains may spec~y
greater setbacks. If utilities conflict with planned test pit locations the Project Manager
should be notified to adjust the locations.

Golder Associates
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82. Test Pit Location and Location Control

Test pit locations may be defined by the Project Manager, or may be defined by the Field
Geologist/Engineer at the Project Manager’s discretion. Whenthe locationis determined by
the Field Geologist/Engineer, it is important that an appropriate and sufficient numl~r of
exposures be developed to permit development of an adequate geologic map of the site.
Any observed anomalies and features which may potentially constitute geologic hazards
must be followed up in the field, and addilionaI pits excavated as necessary. All pits should
be marked with a flagged stake that has been marked with the test pit number on both sides.
The stake should be located at one comer of the excavation, and should be surveyed or
related to a known survey point by measurement and compass bearing. The dimensior~s
and compass bearing of the pit with relation to the stake must be determined. All location
information shall be recorded on the Field Test Pit Log (Exlu~bit B), Field Report ~orm {E~du~it
A), or site k~afion map as appropriate.

8,3 Test Pit Lo~dng

The most detailed logging will be occur in the upper 3 to4 feet of the pifwhere direct access
to the pit walls is possible. Below that level, the distribution of soll units shall be based on
visual observation and on examination of the excavated material IN NO CASE SHAEL
GOLDEN. ASSOCIATES PERSONNEL ENTER AN UNSUPPORTED TEST PIT GREATER
THAN 4 FEET IN DEPTH. On hazardous waste sites, oxygen anaIyzer and organic vapor
analyzer scans shall be performed prior to any entry into the pit; respirator and persor~l
protective equipment use shall be as specified by site specific safety plans. Depth f~m the
ground surface to the various soil units shall be determined by a tape measure susper0~led
from the surface; the backhoe or excavator operator may be requested to dean portions of
the pit or to retrieve bucket samples fromparticular locations in order to aid in the recording
of stratigraphy or in the collection o£samples. An soils shall be identified and describc~ on
the Field Test Pit LOg in compliance with TP-I~-6, "Field Identification of SoiL" The relative
soil density shall be estimated, and the depth to groundwater level and time of obser~rafion
shall be noted on the Field Test Pit Log. Seepage shall be noted wherever encountered and
an estimate of the flow rate recorded..Observations on the relative difficulties encour~tered
by the backhoe in excavating particular materials shall be recorded, along with the re]alive
stability ofthe test pit sidewalls.

8.4 Test Pit Sampling

The Field Engineer/Geologist shall retrieve representative samples of each different soil type
encountered during the investigation. Disturbed samples may be retrieved directly :from the
backhoe bucket or from within the pit using a shovel, scoop, or trowel; ~undisturbed"
samples may be retrieved from the excavation with a thin-wailed (Shelby) tube sampler.
Required sample volumes and specific considerations for particular sample types shallbe
specified by the Project Manager. Bulksamples shall be marked or tagged with theproject
number, test pit number, sample number, sampled depth interval, date, and "Colder
Associates Inc" The sample number and test pit number should be marked in at least two
locations as a precaution against effacement in transit to the geotechnical laboratory. Smaller
bottled samples may be labeled with a standard Golder Associates soil sample label(see
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Exhibit Q. Contaminated samples shall be sealed (see Exhibit Q, and a chain of custody
forminitiated as d~ by TP-1.2-23,"Chain of Custody."

8,5 .~uipment Decontamination

On hazardous waste sites, the backhoe bucket and all sampling equipment shall be
decontandnated after use. The sampling equipment shall be cleaned with k brush or
pressure sprayer and non-phosphate detergent solution, rimed with tap water, and, if
necessary, rinsed again with acetone if organic compounds are in evidence. All wash fluids
shall be captured and properly disposed of as specified by the Project Manager.

8.6 Test Pit Closure

Unless otherwise directed by the Project Manager, all pits shall be backfilled with the
excavated soil after completion of all logging and sampling activities. A photo of the
completed test pit should be taken prior to backfilling. The photo number and test pit
number should be recorded on a photo log, so the photos canbe labeled. The pitlocation
stake shou!d~ remain intacv, if it must be moved to backfil the pit, it should be replaced, fl~
location re-established, and recorded on the Field Test Pit Log. For safety purposes, any pit
that must be left open overnight shall have its perimeter fenced and flagged, and ladder or
other means of escape provided.

8~7 Field Change Requests

Variation from established procedure requirements may be necessary due to unique
circumstances encountered on individual projects. All variations from established
procedures shall be documented on Field Change Request form (Exhfbit D) and reviewed by
the Project Manager and the QA Manager. ¯

The Project Manager may authorize individual Geologist/Field Engineers to initiate
variations as necessary. If practical, the request for variation shall be reviewed by the Project
Manager and the QA Manager prior to implementation. If prior review isnot possible, the
variation may be implemented immediately at the direction of the Geologist/Field Engineer,
provided that the Project Manager is notified of the variation within 24 hours of
implementation, and the Field Change Request is forwarded to the Project Manager mad QA
Manager for review within 2 working days of implementatiolL If the variation is
unacceptable to either reviewer, the activity shall be reperformed or action shall be tartan as
indicated in the Comnlents section of the Field Change Request form.
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1. PURPOSE

This technical procedure establishes the requirements for documenting and maintaining
enviro~tal sample chain of custody from point of origin to receipt of the sample at the
analytical LaboratolT.

2. APPLICABILITY

When specifically invoked by project work phns, sampling plans, or QA plans, this technical
procedure shall apply to all types of air, soil, water, sediment, biological, and/or core samples
collected in enviro~tal investigations by Colder Associates Inc.,and is applicable firomthe
time ofsample acquisition until custody of the sample is tzansferred to an analytical or
~o~Md~ laboratory.

3. DEFINITIONS

3.1 Custody

Custody refers to the physical respomibility for~ample integrity, handling, and/or
transportatiox~ Custody responsibilities are effectively met if the samples are:

¯ in the responsible individual’s physicalpossession,

¯ in the responsible individual’s visual range after having taken possession,

¯ secured by the responsible individual so that no tampering can occur, or .

¯ secured or locked by the responsible individualin an area in which access is restrk~d to
authorized personnel.

3.2 Chain of Camtody

Chain of custody x~ers to the history of the physical transfer of samples between the Smnpler0
the transporter, or carrier, and the Laboratory Technician. Chain of custmiy documentation is
required as evidence that the integrity of samples was maintained duringtransfer.

4. REFERENCES

4.1 EPA, 1986, NEIC Policies and Procedures; US Department of Ecology, National
Enforcement Investigations Center, Denver, Colorado.

4.2 Golder Associates Technical Procedure TP-12-2, "Geotechnical Rock Core Logging7
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5. DISCUSSION

En "vlronmental samples must be tracked, handled and transported in a manner such that
sample in~xRy and identification (to the location and interval at which they were obtained) is
mainlained. The Sample Custodian must maintain proper storage and custody of samples-~)m
the time of collection ~ transport to the laboratory. The Sampler shall initiate Chain of
Custody forms which accompany samples from the collection site to the laboratory and pro~d~de
docunw~tatlon of any transfer of custody throughout transporL Sample identification and
integrity shall be ~ the application of seals and labels to the sample containers at the thne
of samph collectiorL Seals and labels shall be verified upon receipt of samples at the analytical
laboratory; unacceptable samples shall be identified on the Chain of Custody form, and
zefermd to the Geolog~st/Fidd Engineer or Project Manager for evaluation and appropriate
dispositiorL

RESPONSIBILITIES

6.1 Project Manager

The Project Manager is responsible for the overall management of sampling environmental
activities, for designating the sample shipment ximthod (considering permitted sample holding
times), for delegating sampling responsilnlRies to qualified personnel, and reviewing any Fmld
Change Requests that may be initiated during the investigation.

6~ Ge01ogist/Field Engineer

The Geologist/Field Engineer is respom~le for. 1) general supervision of sampling operations :
as directed by the Project Manager; 2) ensuring proper temporary storage of samples, and
proper transportation of samples from the sampling site b3 the laboratory; and 3) initiating
Field Change Requests when required. The Geologist/Fdeld Engineeris also responsible for
tmddng Chain of Custody fi)rms for samples to ensure timely receipt of the completed original,
for reviewing Chain of Custody forms to ensure appropriate do~maentatlon of sample
transfers, and for advising the Project Manager of any problems observed that are related to
sample integrity and chain of custody. The Geologist/Field Engineer may delegate docun~nt
tracking and review xesponsib~ties to suitably qualified personnel.

f~ Sampler

The .Sampler may be the same individual as the GeologisVF/eld Engineer and is responsfbh for:
1) sample acquisition in compliance with applicable procedures; 2) for checking sample
integrity and documentation prior to tramfer, 3) for initiating the Chain of Custody rome 4) for
initialtransfer of samples~ and 5) for physically transferring the samples to the transporter (or
directly to the laboratory).
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6.4 Laboratory Sample Custodian

The Laboratory Sample Custodian (or designated sample receiving technician) is responsible
for:. 1) inspecting tramferred samples to ensure that seals are intact, that labels are affixed, that
sample condition is acceptable, and that Sample Integrity Data Sheets are available, when-
xequired for a particular project;, 2) for completion of the Chain of Custody form upon rece~?t
and for forwarding copies of the completed Chain of Cust~ly ~ to the Project Manager; end
3) for segregating and identifying unacceptable samples, and subsequent notification of the
Project Manager.

6.~ Document Custodian

The Document Custodian is responsible for maintaining completed chain of custody records in
the project £des.

7. EQUIPMENT AND MATERIALS

¯ Seals and labels (Exhibit A)

Sample Integrity Data Sheets (Exhibit B),if required by the applicable sampling
procedure, work plan, sampling plan, or QA plan, or if requested by the Project
Manager

¯ Chain of Custody forms (Exhibit C)

¯ Field Change Request form (Exlfibit D)

¯ Packing and shipping materials, which may include coolers or insulated packing boxes,
"blue ice" or dry ice, cardboard packing boxes, wooden core storage boxes, and shipping
labels

:8. PROCEDURE

8.1 Seals, Labels, and Initial Storage

At the time of collection, all samples shall be sealed, labeled, and appropriately stored in rite
custody of the sample custodian (as defined in 3.1 above). Examples of standard seals and
labels are included in Exhibit A.

8.2 Sample Packaging

All samples shall be packaged appropriately for shipping to protect them from damage, to
ensure that moisture content is maintained where necessary, and to ensure that approp~tte
temperatm’es are maintained as required, All sample shipping containers shall be sealed (see
Exhibit A) to prevent tamperirtg.
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Environnmntal core sample boxing, marking, and labeling shall be in compliance with Section
8.3 of TP-L2-2, ~Geotechnical Rock Core Logging? Other types of environmental samples
stored in jars or bottles may be packaged in insulated coolers, or, if sample temperature is m~t a
concern -in the original sample container packing boxes. Where cooling is zequired, samples.
shall be shipped in insulated coolers containing "blue ice" packages sufficient to keep the
san~les at 4°C ±2o.

Samples from boreholes shall be packaged as follows: beginning with the first sample taken,
jars shall be placed in shipping containers horn the top right comer downward, and from k!ft to
right as shown in Figure 8-1.

A label containing the following information shall be affixed, to the front of each shipping
container amtaining environmental samples:

¯ PmjectNumber
¯ Location
¯ Bomtlole number 0f appropriate)
¯ Date collected
¯ Sample numbers enclosed

Boxes shall be numbered consecutively; the last box from a borehole or driHhole shall also be
identified "EOH,~ i.e, end of hole.

8.3 Sample Examination

Prior to transfer of samples, the Sampler shall ensure: that:

¯ labels are affixed and completely filled out,

¯ seals are intact and completely filled out,

special handling and storage requirements are identified where required,

¯ . Sample Integrity Data Sheets (FnfluTbit 13) are available where required by applicable
sampling procedures or the Project Manager,

¯ there are no indications of sample conlainer leaks or other questionable conditions that
may affect the integrity of the sample, and that

¯ hazardous and/or radioactive samples are dearly identified as such.

Samples that do not meet the requirements for initial transfer shall be referred to the
Geologist/Field Engineer for disposition.
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8.4 Chain of Custody Form Initiation

The Sampler shallinitiate the Chain of Custody form (Exhibit q for the initial tra.mfer of
rm~ples. Chain of C~tody forms supplied by the analylicallaboratory may be used in ~ugf
the form shown in Exhibit C. The following information shall be entered on the form:

¯ - - - the destination of the samples and the ~rter or carrier,

¯ the date bywhich the laboratory should acknowledge receipt,

¯ the project identification and sampling site,

¯ the date and time of sample collection,

¯ the sample identification numbers and descriptions.

When all required information has been entered the Sampler shall sign the Chain of Custxxly
form as the initiator.

8.~ Transfer of Custody

To document the initial transfer of samples, the Sampler relinquishing custody and the
transporter accepting custody shall sign, date, a~d note the time of transfer on the Chain ofCush)cly form.. If the transporter is not an employee of Golder Associates Inc., the Sampler may

identify the carrier and reference the bill of lading number in lieu of the transportex~s signature.
The Chain of Custxxly form is in triplicate. One copy of the Chain of Custody form shall be
forwarded to the Geologist/Field Engineer by the Sampler. The original form and the
remaining copy shah accompany the samples.

8.6 Receipt at Destination

The Laboratory Sample Custodian shall inspect the transferred samples to ensure hhat:

¯ the seals are intact

¯ the hbels are affixed and legible

¯ Sample Integrity Data Sheets are available where required

¯ the physicalcondifion of the samples is acceptable, and

¯ the samples being transfen’ed directly correspond to those listed on the Chain of
Custody form

If the integrity of the samples is questionable, the Laboratory Technician shah notify the Project
Manager, segregate the unacceptable samples and identify them on the Chain of Custody Form.
Otherwise, the Laboratory Sample Custodian and the transporter shall sign, date, and note the
time of transfer on the Chain of Custody forn~ If the transporter is not an employee of Golder
Associates Inc., the Laboratory Sample Custodian may identify the carrier and reference tin bill
of lading number in lieu of the tramporter’s signature. The Laboratory Sample Custodian shah

4
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retaia the remaining copy of the Chain of Custody form and forward the original to the
Geobgist/Field Engineer. Appropriate hboratory custody procedures shall be initiated upon
completion of transfer of custody in compliance with the hbomtor~s internal QA prog~an

8.7 Document Traddng

The copy of the Chain of Custody form recording the ~ transfer of samples shall be
forwarded to the Geologist/Field Engineer, followed by the completed original The
Geologist~’_mld Engineer shall track the Chain of Custody form to ensure timely completion
and ~ceipt of the original, based on the laboratory acknowledgement due date indicated on the
for~

After receipt of the completed original, the Geologist/Field Engineer may discard the copy. The
�ompleted original Chain of Custody form shai! be forwarded to the project files. Chain of
Custody forms determined to be overdue or incorrectly completed shallbe referred to the
Project Manager for appropriate action.

8~ Field Change Request

Variation from established procedure requirem#.nts may be necessary due to unique
ci~mmtances encountered on individual projects. Allvariations from established procedures
shall be documented onField Change Request form (Exhibit D) and reviewed by the Project
Manager and the QA Manager.

The Project Manager may authorize individual Geologist/Fidd Engineers to initiate neces~try
variatidns. If possible, the request for variation shallbe reviewed by the Project Manager ~ad
the QA Manager prior to implementatior, If prior review is not possible, the variation maybe
implemented immediately at thedirection of the Geologist/Field Engineer, provided that the
Project Manager is notified of the variation within 24 hours of the implementation, and the
Fmld Change Request is forwarded to the Project Manager and QA Manager within 2 worl~ng
days of implementatiorL If the variation is unacceptable to eithdr reviewer, the activity shallbe
reperformed or action shall be taken as indicated in the Comments section of the reviewed
Field Change Request. All completed Field Change Requests shallbe maintained in projec~
records.

Golder Associates
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1. PURPOSE

This document describes the sampling protocols used by Golder Associates to collect surface
water samples. It contains sampling instructions and information concerning appropriate
containers, preservation, and handling of water quality samples.                  ~

2. APPLICABILITY

This technical procedure is applicable to any persons involved in the collection of surface ’water
samples. It is applicable to all geographic areas.

3. DEFINITIONS

3.1 Analytical Request Form

Standard form provided by analytical laboratories. This form is filled out by the person
collecting samples and is used to indicate how each sample is to be analyzed. This form is often
combined with the Chain-of-Custody Form in a single document.

3.2 Chain-of-Custody Form

Standard form used to track the movement of sample containers from the time they leave, the
field until they arrive at the specified laboratory. The Chain-of-Custody form provides a dear
record of sample transport and handling, thereby reducing the risk of sample loss during:
transport. This form may be combined with the Analytical Request Form in a single docuanenL

3.3 Chemical Analysis

Analytical procedure used to measure the amount of a certain compound, or group of
compounds, present in a sample.

3.4 Preservatives

Preservatives are used to maintain sample integrity from the time a sample is collected until it is
analyzed. Sample preservation may involve adding acid or other fixatives to collected waters or
simply keeping them refrigerated. S/tmple-specific requirements are outlined in this document
(Table 1); preservatives, when required, are provided by the analytical laboratory.

3.5 Sample Bottles

Sample bottles are containers specifically designed and prepared for storing liquid samples.
Sample bottle type, material, size, and type of lid are specific for particular groups of analytes.
Sample bottles must be properly cleaned and prepared by a laboratory or the manufacturer.
Table 1 summarizes bottle type and preparation requirements.

?°,w~
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3.6 Surface Water Sample

A surface water sample is defined as water acquired from a surface water body for chemical
analyses that is representative of surface water within the cross-section of a lake, stream, or
river being sampled.                                                        -

3.7 Quality Assurance/Quality Control (QA/QC)

Quality Assurance refers to a detailed protocol used to produce high quality products, wl~e
Quality Control refers to the process by which this protocol is tested to ensure that final
products are of the specified quality. With reference to water sampling~ QA protocolincludes
the use trained personnel, proper sampling methods, dean containers and equipment, proper
sample preservation and transportation and detailed documentation of the entire process;
field, travel and[ other assorted test blanks are used for Quality Control testing.

3.8 Sample Types

3.8.1 Grab Samples

Sample containing water collected during a single sampling event (i.e., water taken from a
given place at a given time).

3,8.2 Composite Samples

Sample containing a mixture of water collected from multiple locations or from different times
at the same location.

3.8.3 Equipment Blanks

Equipment blanks are used to detect contamination from sampling equipment. They are
prepared by rinsing precleaned equipment with deionized water and collecting the rirmate into
an appropriate container.

3.8.4 Field Blanks

Field blanks are used todetect contamination during sample collection and transport. They are
prepared during a sampling event by filling the appropriate container with deionized water.
Field blanks are usually used in situations where there is reason to suspect that contamination
will occur during sample collection and transport.

3.8.5 Travel Blanks

Travel blanks detect sample contaminatiort during transport. Travel blanks consist of pre-filled
bottles provided by the analytical lab, They accompany empty sample bottles to the field site,

Golder Associates
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where they are left intact and unopened inside the shipping cooler. The unopened travel.
blanks are then returned to the analytical lab to be analyzed along with collected samples.

3.8.6 Field Spikes

Field spikes are used to measure the performance of the complete analytical system, including
sample handling, preservation and storage, as wen as interference from the sample matr~. To
generate a field spike, field personnel fill the usual sampling container with sample, leaving a
small amount of space at the top. They then add a specified amount of the chemical or
compound of interest to the bottle and submit it with the rest of the samples. In general, :field
spikes are not recommended due to be logisticaldifficulties of transporting concentrated
solutions in the field. If there is reason to doubt the performance of the sampling system, then a
separate study involving field spikes should be carried out.

3.8.7 Standard Reference Sample.s

Standard reference samples, or blind QA samples, are samples of known concentration that are
submitted to the analytical lab as a norn~l sample. The lab is not informed about the identity Of
the sample until after all analyses are complete.

3.8.8 Replicate Samples
X

Replicate samples are used to evaluate within-site variation. Replicate samples are collected by
filling multiple containers at a single site; They are labeled and preserved individually and are
submitted separately to the analytical laboratory. Check the field sampling plan (FSP) for the
number of replicate samples required per sampling site.

3.8.9 Split Samples

Split samples are used to check analytical variation. A single sample (e.g. grab) is collected and
is split into two sample containers. These are labeled and preserved individiaally and are
submitted separately to the analytical laboratory.

4. REFERENCES AND SUGGESTED READING

ASTM, 1994, Annual Book of Standards, Volume 04.08, 1994, American Society of Testing and
Materials, Philadelphia, PA.

Clesceri, L.S., A.E. Greenberg and R.R. TrusselL 1989. Standard Methods for the Examination of
Water and Wastewater. American Public Health Association, Washington, D.C.

Feldt, L., Editor, 1987, A Compendium of Superfund Field Operations Methods, U.S. Environmental
Protection Agency Report No. 9355.0-14, Washington, D.C.

GotderAssociates Inc. Quah,ty Procedure QP-11.1, "Calibration and Maintenance of Measuring
and Test Equipment.
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Colder Associates Inc. Technical Procedure TP-1.Z-23, "Chain of Custody."

U~q, Department of the Interior, 1977, National Handbook of recommended methods for Water-
data acquisition, Reston, VA.

U.S. EPA, 1994, U.S.EPA Contract Laboratory Program National Functional Guidelines for Ihor~anics
Data Rev/ew, EPA 540/R-94/013, U.S. EPA Office of Emergency and Remed{aI Rest~onse,
Washington, D.C.

US. GeoloKi’~l Survey, 1982, Measurement and Computation of Streamflow: Volume 1 and 2.
_ Washington, D.C. -

U.S. EPA, 1986, Test Methods for Evaluating_ Solid Waste - (SW-846), 3~ Edition (Final Update III,
December 1996), U.S. EPA/Office of Solid Waste, Washington, D.C.

40 CFR 136, U.S. EPA, Guidelines Establishing Test Procedures for the Analysis of Pollutants. Tire 40
Part 136 of the Code of Federal Regailations.

5. DISCUSSION

5.1 Sampling Procedures

Samples are collected as representative pieces of a larger puzzle. Ideally, they should describe
all ofthe characteristics of the larger body from which they originate, which, by its very
definition, is too large to analyze directly. As a result, it is very important to follow a well-
organized sampling plan and to preserve sample integrity throughout the collection and
transportation process.

5.1.1 General Practices

Usually, analytical laboratories will provide pre-deaned sample containers, shipping
containers, required forms for sample submission and specific sample shipping instrudions. It

¯ is important to check with the lab that these arrangements have been made. Similarly, field
crews should familiarize themselves with the FSP before initiating a sampling program. By
reviewing the instructions, personnel can ensure that they have all of the equipment they
require to fulfill the objectives of the sampling program. Field crews will also then be aware of
the types of samples they are being asked to collect, be they grab samples, composite samples or
QA/QC test blanks. Finally, sample crews should organize themselves such that samples will
be collected and shipped during the early part of the work week to avoid delays caused by
weekend shipping or make specific arrangements with laboratories to receive samples ,on the
weekend.

Sampling Locations. General sampling locations are described in FSP. However, field crews
will have a certain degree of freedom in choosing the exact locations from which to take the
samples. When selecting these sites, personnel should consider the layout of the local

.=.
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environment, project objec3i’ves and personal safety. They should then choose areas that are
both easily accessible and representative of.the target waterbody or waterbodies.

Once sampling sites have been identified, they must be described relative to permanent
landmarks, such as groundwater wells, outfalls or distinctive landscape features; measuring the
distance from permanent landmarks to each site with an appropriate compass heading is
recommended. Ideally, one should try to use the Global Positioning System (GPS), but
locations can also be recorded as the perpendicular distance from the shoreline and the
distance Upstream or downstream of a permanent landmark

Sample Collection, Where possibleS:start sampling at the least contaminated site (i.e., the:
reference site) and move from there to the more contaminated areas.

If sampling equipment must be used, then it must be cleaned before and after use. This may
involve riming with ambient water, cleaning with soap and water, acid washing, rinsing with
organic solvents or pure water, or a combination of these. Refer to the FSP for details.

Each sample bottle must be labeled at the time of collection with either waterproof, perr~nent
marker or using pre-printedwaterproof labels. See section 5.3.2 for details of label format.

When sampling, it is impodant to rinse sample containers 3 times before taking a sample. Rinse
each bottle by partially filling it with ambient water, loosely attaching the cap and shaking the
bottle; drain the water and repeat the process. As a general rule, rinse plastic bottles unless
i~tructed otherwise by the analytical!aboratory. Bottles that already contain the appropriate
preservatives and containers for the following analyses should not be rinsed prior to taldmg the
sample:

¯ volatile organic compounds (VoCs), including total volatile hydrocarbons (TVH),

¯ totalextractable hydrocarbons (TEH),

¯ BTEX (benzene, toluene, ethylbenzene and xylene)

¯ total petroleum hydrocarbons (TPH; "includes TVH, TEH and BTEX); and

¯ bacteriological testing (e.g., fecal coliforms).

Carefully fill sample containers, without splashing, leaving only enough space for preservatives
(if required - see Table 1 ). Be sure to keep hands and fingers downstream of bottle opening
and sample upstream of bridges, boats and yourself to prevent sample contamination. The
:samples will be collected in flowing water, unless otherwise specified in the FSP, from areas
where the flow is well mixed. If no preservatives need to be added, completely fill the !bottles
and cap tightly. There should be as little air in the containers as possible, as it can affect sample
integrity.

Whenever possible, fill sample containers directly from the source, without using an
intermediate container to transfer the sample. This avoids potential sample contamination due
to carry-over from one sample to the next. Also, take care to avoid contaminating sample

Golder Associates



TP 1/-26 Revision O, DRAFT
SURFACE WATER SAMPLING METHODS

March 1998
Page 7 of 10

waters through contact with rubber, oil, gasoline and other machinery fluids, Inetal-based
paints, cigarette ash, paper tissues and other such material.

Sample bottles should then bestored appropriately (Table 1). In most cases, this will involve
keepingthe sample cool (4°C) and dark Samples should never be allowed to freeze and should
be shipped as soon as possible to the appropriate analytical lab, in coolers with reusable !ice
packs. Avoid using bags of ice purchased from convenience stores; the water that leaks out of
these bags as the ice melts may ruin sample labels.

Chain-of-Custody and Analytical Request forms must accompany all samples (one set of forms
per sample shipmen0. Prior to shipping, the person submitting the sample should infonnthe
analyticallab by telephone, e-mail, or fax that the samples willbe arriving. As well, he or she
should check backlater to confirm arrival of the samples and to explain analysis request~ if
needed.

5.1~ Sampling for Metals

When collecting samples for a metals analysis, it is important that sample waters do not come
into contact with any metal products. Samples for metals analysis also have other stringent
collection and preservation requirements (Table 1). For example, waters collected for d~solved-
metal analysis have to be field-filtered using a 0.45/~m polycarbonate or cellulose acetate filter
and then preserved with acid. Field-filtering should be conducted as soon as possible after
sampling. If field-filtering is not possible, then acid preserVatives should not be added and the
laboratory should be notified to filter the sample as soon as possible after sample receipt.

Field crews need to be aware of these restrictions to ensure that samples are taken correctly and
that they maintain their integrity until they can be analyzed. Special sampling and
preservation instructions should be included in the FSP.

5.1.3 Sampling for Organic Chemicals

In addition to the general principles outlined above, there are specific protocols associated with
sampling for organic measurements. As described above, sample bottles should not be rinsed
prior to taking samples for certain organics analyses. It is also very important to completely fill
each bottle, as certain organics will volatilize into the overlying air space and will be lost after
opening the bottle. Finally, proper containers must be used when sampling for organics, since
some bottles will release or absorb organic compounds when filled with water. Generally, glass
containers are used, but certain tests may require other materials; be sure to obtain the:
appropriate sample :bottles from the analytical laboratory and refer to the FSP.

5.2 Sample Documentation

Proper sample, documen~tion is important because lack of careful documentation can lead to
misunderstandings and questionable test results. Components of proper documentation of
field activities are descried below.

Golder Associates
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5.2.1 Hdd Notebooks

Field notebooks must be kept, describing all field activities. Format of field notes and
information to be recorded should follow Golder Associates." specific guidelines. Duringthe
field survey, field notes must be maintained in a permanent, safe location at the field-gite where
samples are collected. If possible, new entries in the field note book should be photocopied at
the end of each field day and copies should be stored in a safe place.

$9.2 Sample Labels

Sample labels must contain the following information:

Sample identifier (name Of site or sample code);

Date (written as day/month/year; month abbreviated as three letters) and time (24 hour
clock) of collection;

¯ Initials of collector; and

¯ Analysis requested (this is usually done by the analytical laboratory in the form of a code
on the sample bottle).

Fill out labels at the time of collection using waterproof ink and affix a label to each sample
container. Plastic bottles may be labeled by writing directly on the bottle using a waterproof
marker; however, this approach isnot recommended if samples are transported over long
distances (friction may rub label off) or if bags of ice are used to keep the samples cool (water
may damage label information).

5.2.3 Custody Seals

Numbered seals should be used (when required by the FSP) t6 detect tampering wil/h samples
in transit. Attach the seal in a way that it is necessary to break it to open the cooler o~ntaining
the samples. The number on the custody seal should be recorded in the field note book and on
the Chain-of-Custody and Analytical Request forms

5.2.4 Chain-of-Custody Forms and Analytical Request Forms

Chain-of-Custody and Analytical Request forms must accompany all samples subrrdLtted for
analysis in accordance with procedure TP1.2-Z3,"Chain of Custody". These forms are usually
combined as a single document. An example of Golder Associates" combined Chaix~L-of-Custody
and Analytical Request Form is provided in Exhibit 1.

The combined form must be filled out completely and the white and yellow copies should be
sent along with the samples being submitted. Field personnel should retain the pink copy after
it is signed by the shipper. Depending on theshipping container, these forms can ,either be
enclosed inside the sealed container or attached firmly to the outside of the container. In either
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case, it is advisable to enclose the forms within a waterproof plastic bag to guard against
damage. It is important that each person haying custody or control of the samples iden~tify
themselves on this form. This means the person collecting the sample; intermediate persons
"revolved "m packaging,, storing or transporting the sample; and the person accepting the sample
on behalf of the analytical lab must all be identified.                              -~ ....

5.3 Sample QA/QC

The main goal of sample QA/QC is to monitor for various sources of contamination d~riug.~

sample collection, tramport and analysis. This" process will.involve the use of field, travel and
other test blanks. QA/QC programs are designed on a project-specific basis. Details of
individual QA/QC programs are described in the FSP.

6. EQUIPMENT AND MATERIALS

6.1 Sampling

The following is a list of sampling equipment generally recommended for surface water
sampling:

Pre-cleaned sample bottles and required preservatives (usuallysupplied by the
analytical-laboratory)

¯ Coolers and reusable ice packs

¯ Waterproof labels and permanent markers

¯ Sampling equipment (e.g. Kemmerer or Van Dora bottles)

62, Site Location and Sample Documentation

For proper sample site identification and sample documentation, field crews may need:

¯ Bound, water-proof fieM logbooks

¯ Maps

Air photos

Indelible inkpens and pencils

¯ Long tape measure

¯ Survey flagging tape

¯ Compass

¯ GPS unit

¯ Combined Analytical Request and Chain-of-Custody forms
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6.3 Health and Safety

The following health and safety equipment is recommended for surface water samplktg:

e. Waders and waterproof gloves ~.

- Heavy socks, warmpants, rain gear and other articles of clothing suitable for prolonged
water work

¯ Extra set of clothes

¯ First aid kit

¯ Appxoved personal floatation device for deep water or boat work

Golder Associates



Analysts

Volatile Organics

Base/Neutral and Acid Extractable

Organochlorlne Pesticides and
PCBs

.... ......... ......... :+ , , ,. ..... .: :

Herbicides

SAMPLE CONTAINER CODES, TYPES, VOLUMES, PREPARATION,
SPECIAL HANDLING, PRESERVATION, HOLDING TIMES

Page1 of 2

Cont. Code Containers, Water
.............. ~ ................ , , ~ .... ,    , ......... , .. ....

V Z, dotal glass vlal teflon lined
septum

SV 2, I liter amber glass, teflon lined
cap

P 2, I liter amber glass, teflon lined
cap

..................... ,, , ,,,,

] Total Fuel Hydrocarbons (Fuel
Fmgerp~t)

Store ~’C; handle upwind from
equip. Tmne% no headspace
pertained; Pres with HCI to pH <Z
for vola~le ¢xometics

~ore 4.+..Z=C; handle upwind from
equip. ~mes; no contact with
plastics, gloves

Store 4.~°Cb handle upwind from
equip, fumes; no contact with
plastics, gloves

Handling and Fre~vaflon Holding Time

7 days
14 days (HCI pres.)

7 days un~it extraction
40 days thereafter

"7 days until e~action
40 days therea~mr

OG         I, I liter glass, teflon lined cap

I

CN         1,1 liter plastic

1,1 liter plastic

TH I, 125 ml amber ~ass, teflon lined Store 4:~+C; handle upwind from
septum equip, fumes, no headspace

Store 4.-~°C~ handle upwind from
equip, fume% no contact with gloves
or p1esti~! pres with HO to pH <Z .....

Store 4.~°C; pres with NaOH to

pH > 12

Store 4.T2"C; pres with 7 days
ZnOAC2NaOH to pH >IZ

MA 1,I liter plastic Store 4.d:2°C,

Total Petroleum Hydrocarbons or
Oil and Grease

Cyanide (total)

Sulfide (total) S

  o  o,s ate, pHCon u  ity"j ............
and Total Dissolved Solids        J

I

H Z, 1 liter amber #ass, teflon lined Store 4.-~+C; handle upwind from     7 days until extraction
cap equip. ~.mes; no contact ~th plastic, 40 days ther.ea_~er

glo/~es

14 days

, p ,~.e~; pt~wim~o~0pH <,z ............ ...............
28 days

14 days

28 days (ChIoride, su~ate and
conductivity)
Analyz~ on-~ite (pI-i)
7days (TDS) ...... !

i

i"



.......... ’ r,,

Analy~ Cont. Code

Major Cations and Mgtals TM

Gamma Km~tflng Radionuclidas GR

AIpha Emifling Rad]onu~des AK

Beta Emiding gad/onudldes

Total Phosphorus, Ammonla-N,
NitratWnitri%e-N, COD and TOC

Orthophosphate

BR

w

SAMPLE CONTA]NFA CODES, TYPES, VOLUMES, PREPARATION,
SPECIAL HANDLING, PRESERVATION, HOLDING TIMES,

Pag~2of2

Conialn~cs, Wa~ar Handling and Preservation Holding Time

1,1 liter plastic 0.45 um filter, pres with HNO3 6 months (28 days for mercury)

to pH <2

~., 1 liter plastic 0.45 um falter, pres with HNO3 6 months
(record exact date/dine of sampling for

to pH <2 calculation of had-life decay)
, , , ,J , ,. ,., , H,L,, ,’ ,.,.,I ,. , , ,., ’ .... ........... ’, "" ’’" "’ - .......

2,1 liter plastic 0.45 um filter, pr~ with HNOs 6 months
(record exact date/time of sampling for

to pH <Z cala~fion of half-life decay) ~ ....

Z, 1 liter plastic 0.45 um f’ilter, pres with HNO3 6 months
(record ~act dat~time of sampling for

to pH <Z calculation of h~-lffe decay)
............... v z ,,, ,,,,, , , ,,

l, 1 liter plastic Store 4:~°C; pres with H2SO~ 28 days

topH <g’ store ~. dark
0.45 um ~Iter, store 4.-~’C 48 hours’

TP

[,,, , ....... I .......................... ...

OP 1, I liter plastic
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Added section and form for Field Change Requests
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1. PURPOSE
i

This Technical Procedure establishes uniform methods of observation, identification, and]
recording of data observed in vertical excavations completed for the investigation of soils.!

2. APPLICABILITY

This Technical Procedure is applicable to persons or parties engaged in the mapping of vertical
shafts or test pits for soils investigations.

3. DEFINITIONS

3.1 Vertical Shaft

A supported excavation advanced in a vertical orientation, the purpose of which is to per~trate,
examine, and test foundation soils in situ.

3~ Teat Pit

A supported or non-supported depth dependent excavation, the purpose of which is to
Penetrate, examine, sample and test sufficial so~s in situ.

33 Test Pit Mapping

Mapping accomplished by o~~ identifying, and recording geologic information e~(posed
in the walls of excavated test pits.

4. REFERENCES

4-1 Golder Associates Technical Procedure TP-1.2-6, "Field Identification of Soil."

5. DISCUSSION

5.1 None

6. RESPONSIBILITY

6.1 Geologist/Field Engineer

Responsible for completing the assigned mapping investigation.

6~ Task Leader

ReSpons~Ie for making periodic observations to determine effective and correct
implementation of the shaft/test pit mapping program.
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7. EQUIPMEI~ AND MATERIAL

Supplies required for Golder Associates field personnel generally include the followin#

Brtmton compass, 0° to 3600 divisions

¯ Base/site map and map board

¯ 3Smmcamm and film
¯ Field notebook or approprhte Field Report Forms (Exhibit A)

Assorted standard field equipment 0.e., rock hammer, scales, wood stake markers, etc.)

¯ Measuring tape

¯ Engineers rule (6-feet long, with 0.10-foot graduations)

¯ Fielcl Test Pit Log Forms (Exhibit ]3)

Other equipment or material necessary to complete a specific task as determined by the
taskleader.

¯ Indelible inkpem.

8. PROCEDURE

8A General Considerations

Mapping activities shall be thorough, accurate, and shall follow sound engineering and
geologic practice.

8.2 Location Mapping

Location mapp’mg shall be tothe level required and in accordance with accepted engineering
and geologic practice. If the base map is of sufficient accuracy, the test pit location may be
approximated within a 10’ radius and physically identified by a wood stake marker. Ifthe base
map does not have the required accuracy, locations shah be described by either (1) tap(:
measurement from three permanent features identifiable on the base map; (2) measured along
a compass bearing fi~am a permanent feature; or (3) triangulated with compass bearings from
three permanent features identifiable on the base map. Compasses may be used only ’when the
site does not contain magnetic or large metal objects. The locations so derived will be identified
by a wood stake marker with test pit designalion.

8.3 Test Pit Mapping

Test pit mapping shall be accomplished by the Golder Geologist/Engineer when the test pit has
been advanced to a safe depth as determined by the Golder geologist/engineer or the maximum
test pit depth. The Colder geologist/engineer shall not enter an excavation that is deeper than 4
feet unless (I) the sidewalls of the excavation are supported, or (2) the sidewalls have been
appropriately sloped or benched.
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8.4 Field TestPRLog

The test pit stratigraphy, depth (measure from ground surface) of each strata, pit orien~tkm,
discemibh structure and moisture (’if discerm’oh) willbe recorded by the Colder
geologist/engineer on the Field Test Pit Log (See Exlu’bit B). Any other observed data on the
nature of the material present in the sidewalls of the excavation, such as �~Jr~atation,
contamination, fill debris, etc. will also be recorded on the Fmld Test Pit Log.

8.5 Structural Data

Stmcttwal data shall be recorded by azimuth to true north or by quadrants.

8.6 Photographic Record

35-ram color slides shall be taken of each test pit and important structural or stratigraphi(:
featttres. A suitable reference object shall be placed in the field of view for scale. Photo~apb~

[

shall be described in the field notebook or appropriate Field Report Form and referenced on the
Field Test Pit Log by the film roll number, and exposure number.

8.7 Field Reports

Field reports shaU be produced in triplicate and the originals forwarded on a daily basis to the
Project Document Custodian.

8.8 Test Pit Abandonment

All excavated materials shall be backfilhd into the test pit and compacted with the backhoe
bucket to an acLqeptably safe level as determined by the Colder Geologist/Engineer.

¯ approximate center of the backfilled pit will be marked with a wood stake with test pit
designation if fm~er ground:control will be required.

8.9 Field Change Request

Variation from established procedure requirements may be necessary due to unique
circumstances encountered on individual projects. All variations from established pro~dures
shall be documented on Field Change Request (Exhibit C) and reviewed by the Project
Manager and the QA Manager.

The Project Manager may authorize individual Geologist/Engineers to initiate variatiom as
necessary. If practical, the request for variation shall be reviewed by the Project Manager and
the QA Manager prior to implementatioI~ If prior review is not possible, the variation may be
implemented immediately at the direction of the Geologist/Engineers, provided that the Project
Manager is notified of the variation within 24 hours of implementation, and the Field Change
Request is forward ed to the Project Manager and QA Manager for review within 2 working
days of implementation. If.the variation is uI~acceptable to either reviewer, the activity shall be
repefformed or action shall be taken as indicated in the Comments section of the lVmld Change
Request form.
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All completed Field Change Request forms shall be maintained in project records.

P~.~)lder .~socloles



TO

GOLDER ASSOCIATES
4104 148th Aveflue NE

Redmond, Washington 98052

(2O6) a83~/77

THE FOLLOWING WAS NOTED:

- ,c= ,,~
_ , , .

�ONTt~clro~

Wr=/~TH¢’~ ....

pa~..~HT AT T~TE

T~tp. Qat AM!

oat PM

,i

°.

~

COPIES TO

S;GNED

ii iii i " ~ .................

PROJECI’NO.IP31024 DRAWINGNO. 63276 DATE    12J8/95 DRAWNBY EA

Do~l~ A
FIELD REPORT

TP-1.3-1
...... i ii i i

Golder Associates



Engineer Operator

FIELD TEST PIT LOG

~.Test Pit

W

Contractor

r~

.Date

........ Datum ~mJob ,. ~ ....

~    E
I I I I I I I I I I I I I I    I    I’"
o 5 lo

I 1 i~ I lI

So’

sample =:~.~riptions and ExcavaUon N~es . ~,,.g ! : Oo~of~e::

...... Special Notes
I~L

De .p.th to W/L

....... " i- .. ¯ -

PROJECTNO, IP~1024 DP, AWIlNGNO. 6~L:~’5 DATE    1~ OP, A’A~IBY    EA

-- EXHIBIT B’--~
FIELD, TEST PIT LOG1

TP-I,u-1 I



FIELD CHANGE :REQUEST

Job/Task Number:.
Other Affected Documents:
Requested Change~

Reason for Change:

Change Requested by: Date ......... . ....

Reviewed by:

Comments:

GAi Project Manager
Date

Reviewed by:

Comments:

Date
GAI QA Manager

11>3 1024/FCR 1.3-IA Golder Associates Inc.

EXHIBIT C
FIELD CHANGE

REQUEST FORM
TP-1.3-1





Record of Revisions

TP-I.4-6a
Revision -4~

All

Desfription of Change ¯

Rewritten.

TP-I.4.6 has been split into two procedures,
TP-I.&6a for manual methods and
TP-1.4,6b for automated methods.
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1. I~-RPOSE

1.1 This technical procedure is to be used to establish a uniform procedure for measuring
groundwater levels in borings, dr~l holes: monitoring wells, and piezometers, by manu,~
methods using an electric water-level sounder.

1.2 An alternate technical procedure (TP-I.4-6b, "Automated Groundwater Level
Measurement") is to be used in conjunction with this procedure when making automatic:
water-level measurements using a pressure transducer and datalogger system.

2. APPLICABHATY

2.1 This technical procedure is applicab!o to allpersonnel measuring water levels in wells
manually using a calibrated electric water-level sounder. It is not applicable to the
measurement of water levels in flowing(Artesian) wells, unless sufficient additional
casing is added to prevent theflqwing conditiom.

2.2 This procedure is not applicable for the measurement of water levels by other methods,
such as wetted tape, air line or pressure ttransdueer.

3. DEFINITIONS

3.1 Electric Water Level Sounder

An instnnnent for manually measuring water levels in wells or boreholes. Electric water-h~el
sounders arv available in a variety of different types, but each works in essentially the same
way: an open circuit involving an ammeter, bulb, and/or audible beeper and battery moullted
within a reel of insulated two-wire electric cable. At the end of the two-wire cable is a
weighted metal probe containing a partly shielded electrode. The cable is graduated or marked
to indicate the length of cable above thetip of the electrode in the probe. The eirenit is ~losed
when the exposed electrode in the probe is immersed in water. Current flow is registered on
the meter, illumination of the bulb, or sounding of the beeper on the reel. Some sounders also
have a sensitivity adjustment.

3.2 Well or Borehole

For the purpose of this procedure, any hole in the ground (cased or open) that may contain
groundwater, e.g., a boring, borehole, drill hole, test pit, water well, monitoring well,
observation well, pumping well, or standpipe piezometer.
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3.3 Measuring Point 0M[P)

3, reference or datum established to provide a cons’k~nt point from which the Wate~ level is
measured; - usually a mark on the casing at the top of a well or borehole. The elevation of
the measuring point should be established by surveying (differential leveling) from a bench
mark of known elevation above the local or national vertical datum. The elevation of the
measuring point should be establishedto an accuracy of 0.0i fl Or better. Use oftbe ground
surface as a measuring, point is acceptable for measuring water levels in wells and boreholes
during drilling, and in ethersituations (e.g., test pits) where no other stable reference point is
available.

3.4 Diptube

A small-diameter (1- to 2:inch)tube (usually PVC0 With slots over the lower I or 2 R that is
placed in a pumping well to provide a stilling effect that counteracts turbulence.

3.5 Pressure Transducer

A piece of electronic equipment used for measuring pressure (see TP-1.4-6b).

3.6 Datalogger

An electronic unit designed to co lleet and store data from a pressure transducer (s~
TP-I.4-6b).

3.7 Wetted Tape

Use of chalk on a measuring tape to sound the depth of water in a well. (This method is no
longer in common use.)

4. REFERENCES

4.1 Cooley, R-L., et aL, 1972. Hydrologic Engineering Methods for Water Resource
Development, Vol. 10-Principles of Groundwater Hydrology, Section 6.01, U.S. Army
Corps of Engineers (HEC-IHD-1000).

4.2 US Geological Survey, 1977. National Handbook of Recommended Methods for Water-
Data Acquisition. Chapter 2 - Ground Water (Section 2.A), Office of Water Data
Coordination, Washington DC.

4.3 Driscoll, F.G., 1986. Groundwater and Wells. (2nd Edition) Johnson Filtration Ssq;tcms
Inc., St. Paul, Minnesota.

4.4 American Society for Testing and Materials, 1987. Standard Test Method for
Determining Subsurface Liquid Levels in a Borehole or Monitoring Well (Observation
Well). (ASTM D 4750 - 87).
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4.5 Golder Technical Procedure TP-1.4-6b, "Automated Groundwater Level Measurement".

5. DISCUSSION

5.1 Accuracy, Precision and Repeatability

The prime objectives in measumg a groundwater level are to obtain the dep~ to groundwat~m
below a measuring point of known elevation, at a specific time and in a mariner that is both,
precise, accurate and repeatable (if the water level is static). Measurementpre~ision of 0.01 ft
is achievable with the felly graduated tapes, available on modern electric water-level sounders.
However, practical:difficUlties of calibrating long sounder tapes, and thek sensitivity to
stretching, t~luce the accuracy of readings to, at best, 0.05 ft. This is usually adequate for all
practical purposes. Also, if no fixed measuring point is available, and the measurement is
made in relation to the ground surface, this degree Of accuracy and precision is not practical.
Measurements made to ground surface should be recorded to the nearest 0.5 or 1.0 R, and this
should be noted in the waterqevel record.

5.2 Measurements in Pumping Wells

Tm-bUleae0 caused by pumping can make measurements of dynamic water levels in difficult in
wells that are being pumped. In ibis situation, a small-diameter diptube can be used to act as a
sKlling well. Measurements should be made inside the tube, provided it is long enough for the
end of the tube to be submerged by at least 5 It. If the top of the diptube is higher than the
measuring point, this may be used as an alternate measuring point, but the difference must be
recorded in the field notebook and on the Water Level Reading Forms (Exh~it A).

5~3 Potential Som, ces of Error

Be aware of the potential sources of error that can affect waterqevel measurements:

¯ Dirt, scum, oil, or floating product on the water surface cart affect closure of the
electric circuit in the water-level probe.

¯ Cascading water, leaking casing, or excessive condensation in the wellbore can
cause the water-level probe to signal contact with water before the probe
encounters the static water level in the well. This effect may be overcome using
the sensitivity adjustment (if available).

¯ Changes in air pressure can cause small fluctuations in the water level. -

¯ The water-level probe will not produce a signal if the battery is fiat, if the switch
on the reel is in the "Off" position, or if the sensitivity adjustment is set too low.

¯ In very deep wells (i.e., over 500 ft), the measareraent of the.water levels may
be affected by non-verticality of the well, and by stretching of the electri~l
sounder tape.

¯ It is all too easy to misread the calibrated tape. Check each reading again
immediately after noting it down.
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5.4 Care of the Equipment

Tl~ electric waterqevel sounder is an expensive piece of equipment that should be treated with
care:

¯ Avoid s’auattons Where the probe may become caughtor stuck down-h01e, for
example, near casing centralizers or pump riser columns.

Exerc’zse control over the tape as it unwinds, especially into deep and/or uncased
holes.

¯ Avoid abrasion of the electric tape against the-lip of the casing: this- causes
exe~ssive wear and eventual failure of the electric wires imide the tape. ,

¯ Rewind the tape evenly with markings visible, and avoid twisting or pulling on
the tape.

¯ Replace the probe in its protective sleeve (if available) after cleaning.

6. ~ONSIBIL1TY

6.1 lfield Engineer/G~ologist/Hydrogeologist/Technician

Respons~le for making and re.cording.measurements in compliance with this technical
procedure.

6.2 Task Leader

Respons~le for:.

¯ Direct supervision of personnel taking the measurements

¯ Designation of measuring points on wells or boreholes

¯ Determination of the maximum cable length required for the electric water-level
sounder

¯ Guidance on the purpose, number, timing, and/or frequency of water-level
measurements required

¯ Assurance that equipment and materials are available to permit accomplishment
of the task

Golder Associates



TP-I.4-6a                     Revision Level 4
MANUAL GROUNDWATER LEVEL MEASUREMEI~

December 1~96
5of6

6.3 Equlpment Manager

Responsible for:

* Maintenance of the electric water-level sounder in full working order

Replacement or repair of damaged tape, probe, or other malfunctioning parts of
the sounder

- Periodic calibration Of the sounder tape to ensure markings are correct

, Procuring, checking, calibrating, and returning any water-level sounder obtained
by rental.

7. EQUWMENT ANY MATERt 

7.1 Electrie water-level sounder with integral cable of sufficient length for the well(s) being
measured.

7.2 Field notebook and/or appropriate Water Level Reading forms 0gxh~it A).

7.3 Data on well locations, identification number, depth, measuring point d.escription and
elevation above survey datum, and previous or most recent water-level measurements (if
available).

7.4 Decontamination solution and distilled/deionized rinse water.

7.5 Indelible ink pens.

7,6 Spare battery for electric water-level sounder.

8. PROCEDURE

8.1 Each water level probe or measuring tape used for recording water levels shall have the
depth :graduations calibrated by theEquipment Manager. Confirm that calibration is
current by checking the "next due ~ date on the calibration sticker located on the
equipment.

8.2 Record project number, project name, location, and state.

8.3 At each well, record date, time, well identification number, measuring point description
(e.g., top of PVC easing), measuring device type, manufacturer and serial number ~md
Golder equipment identification number.

Golder Associates



TP-1.4-6a                      Revision Level 4
MANUAL GROUNDWATER LEVEL MEASUREMENT

December 1~96
6c0~6

8.4

8.5

8.6

8.7

8.8

8.9

Clean all downhole instruments and equipmentbefore .and after measurements between
wells. Cleaning shall be with a non-phosphate detergent rinse followed by a rinse with
approved tap water, then rinse With organic-free dist~led/delonized water.

At least once at each well: measure and record the approx’unat¢ distance from ground
level to the measuring point_ Measure the vertical distance from the top of casing,
standpipe, monument, or other relevant points of reference to the measuring point, as
appropriate.

Turn on the electric water-level sounder, check the battery using the test switch Or bntt~n,
lower the probe into the well and stop at the depth where the bulb or audible beeper
indicates a completed Ctrcnit, Raise and lower the water-level sounder a small distance to
break and remake the circuit, confirming that the water level can be repeatedly idenfifi~,
and carefully establish ~e point at which the sounder circuit just closes. Record the
length of the tape below the measuring point by reading the value indicated on the tape
directly level With the meas~ing point, to the nearest 0.01 it.

Enter date, time, well designation, measuring device and all measurements in a field
notebook, or directly on a Water Level Readings Form (Exh~it A). The personnel
making the measurement shall initial or sign each measurement recorded, and make any
additional comments pertinent to the data collected.

If a field notebook is used, water-level measurements must be meticulously transferred to
Water Level ReadingsForm (Exhibit A) at the earliest convenient time. All water level
measurement records shall be maintained in the project records files.

Water-levelmeasurements should be tabulated in a spreadsheet or entered into an
electronic database file for project use. The spreadsheet or database should facilitate �he
calculation of water levels as elevations related to the appropriate survey datum. New
water levels should be reviewed for consistency with previous measurements from the
same location (for example, by plotting a hydrograph). Significant deviations that lack a
clear physical cause (e.g., seasonal recharge, influence of pumping, borchole construction
changes, use of’packers or slug tests, barometric influences, etc.) should be investigated.
If necessary, spurious water-level measurements should be retaken, and erroneous v~[ues
annotated in the data record.
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1. rtmrosE

This technical procedure is to be used to manage analytical data received and processed by
personnel assigned the responsibility of data management, data verification and data
~alidatiorh This procedure details how analytical data in written and electronic format is to
be handled, processed and maintained to facilitate incorporation into reports, for numeiical
evaluation and processing, transmittal to clients and incorporation into project specific
da’cabase management systems.

amacABna 

technical procedure is applicable when required by project-specific planning
documents, or at the direction of theProject Manager,. to all Colder Associates Inc (Golder)
persormel and ass’~,ned subcontractors for the computerized management of analytical
data. The procedures outlined herein are intended to be guidance for the use of a variety
of computer-b.ased data management systems.

3. DEFINITIONS

¯ 3.1 Analytical Data Management

-Analytical data management is the process of receiving.and processing analytical data
results both in written and electronic format to provide data users with summary
information about the data. Summary information may include tabular presentation of the
data, summary and trend.information about the data and status reports about the data.

3.2 Data User

Data users are the Project and Task Managers responsible .for the review and evaluation of
analytical data contained in any project-specific analytical data management syster~

4. REFERENCES

Golder Associates Inc Procedure QP-9.1, "3pecific Work Instructions"

5. DISCUSSION

Analytical data shall be organized, entered into a database, verified for accuracy, and
corrected as necessary. The database shall be updated to include validafi6n results, ~a~d all
updates shah be documented. Data management activities shall be assigned by Specific
Work Instructions (SWIs) in accordance with procedure QP-9.1, "Specific Work
Instructions.!’ SWIs shall include references to client-specified validation procedures as
applicable. Summary results and updated data reports shall be transmitted to data users at
their request. Records associated with the implementation of this procedure shall be
managed in accordance with the requirements of the governing Quality Assurance Project

Golder Associates
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Plan (QAPjP) or Quality Assurance Program Plan (QAPP) or as directed by the Project
Manager.

6. RESPONSIBILITIES

6.1 Project Manager

The Golder Project Manager has overall respons~ility for coordinating data management
activities in compliance with ttxis procedure; for assigning data management activities to
properly qualified and trained personnel; for co.ordinating any corrective action issues with
any supporting analytical laboratory or organization providing analytical data and for
ensuring that processed analytical data records, reports and supporting documentation are
routed to the project QA records system for retention as directed by governing QA
program and/or project plans, or the Project Manager.

6.2 Data Manager

The Golder Data Manager is responsible for assignment of task responsibilities to Data
Management SpecialiSts under the direction of the Project Manager. The Data Manager
shall be responsible for construction and modification of all computer based data
management flies and for ensuring that said files meet project specific technical and QA
requirements as directed by governing QA program and/or project plans, or the Project
Manager. The Data Manager shall be responsible for documenting the results of all data
management activities, resolving questions, data gaps or errors with analytical data through
coordination with the Project Manager and project QA representatives.

6.3 Data Management Specialist

Data Management Specialist (DMS) is responsible for performing all data management
activities under the direction of the Data Manager, for process’rag electronic and hardcopy
media in accordance with ~ procedure and for documenting all processing, checking,
updates and corrections to all analytical data.

7. EQUIPMENT AND MATERIALS

Materials and equipment necessary to complete the activities addressed by this procedure
include:

copies of applicable forms from the analytical data packages for processing and[ any
special instructions from the Data Manager or Project Manager with regards to the
analytical data.

¯ lists of the appropriate acronyms and abbreviations of terms to be used in
processing the data, entering and updating any database used for processing~

4
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",.

* copies of applicable data processing:forms included as attachments to this --.
procedure.

computer with database software capability and software instruction reference
manuals as applicable to the data management requirements.-

office space and office supplies for performance of data management activities.

suff~ient number of properly formatted electronic diskettes for making backup
copies of all electronic files generated as part of this procedure for data..security and
integrity.

8. PROCEDURE

8.1 Generail Requirements

The Project Manager shall assign a Data Manager for the project. The Data Manager shall
with the concurrence of the Project Manager, assign Data Management Specialists (DMSs)
as appropriate for the activities. All work assignments shall be madeby SWI in actor&race
With procedure QP-9.1, ’Specific Work InstructiOns." SWls shall include reference to
applicable portions of client-specified procedures as appropriate. The Data Manager shall
provide the DMS with the current copies of applicable project specific data management
plans, QAPP/QAPjP, laboratory statements of work, laboratory QAPjPs, work plan analyte
lists, analyte detection limit goals and software reference manuals and shall specify the
analytes of interest, reference analytical methods, contract required quantitation limits
(CRQLs), and Contract required detection limits (CRDLs).

The DMS shall complete several tasks on each batch of analytical data or sample delivery
group (SDG)or data package. [Note: a SDG shall be defined as a group of samples
(usually 20 or fewer) reported within the same laboratory data package]. These tasks are
summarized in Sections 8d.1 and 8.1.2 below. If a backupprocedure is not otherwise iha
effect through network systems a disk backup of each database shall be prepared each day
of entry or update.

8.1.1 Data Processing in Support of Environmental Assessment

8,1.1.1 Processing of Hardcopy Analytical Data in Support of Environmental Assessment

The following processing steps shall be completed by the Data Manager or their designee.

Receive the Data and Assign Batch IdentificattMn - Receive the analytical results.
Organize and review the analytical results to determine analytical fractions. Batch
the result f0rms and attach a batch tag as provided in Attachment 1, with
identifying information completed, and enter the batch into the batch log as
provided in Attachment 2.

Golder Associates
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The following processing steps shall be completed by the Data Management Spedalist:_

¯ Construct Database Files - Construct sample, results, and compound database files
according to the project requirements. (See Athdunent 3 for a suggested format)

Enter Data - Enter results and queers into the result.database file from the batch
of result forms. Enter sample number, sample date, sample location, and additional
information, as required for the project, into the sample database file.

Verify and Inventory- Upon completion of data entry, verify the entries, and
¯ complete and initial the batch tag. Forward the batch tag along with an inventory
listing of the samples and analytical fractions in the batch to the project file.

8.1.1~

Incorporate - After any required corrections are made, incorporate new records ihnto
the database.

Maintain Files - Maintain a copy of the batch tag and the associated hard copy data
for DMS us~

Processing of Electronic Analytical Data in Support of Environmental Assessment

The following processing steps shall be completed by the Data Manager or their designee.

Receive the Data and Assign Batch Identification- Receive electronic disks.
Determine fractions contained in files. Attach a batch tag (see Attachment 1)
containing identifying information to the disks. Log the batch (see Attachment 2),
and submit a copy of the disks (marked with the batch number from the batch tag)
and an inventory listing of the Ides contained on the disks to the project file.

The following steps shall be completed by the Data Management SpecialisL

¯ Construct Database Files - Construct sample, results, and compound database flies
according to the project requirements. (See Attachment 3 for a suggested format.)

Convert, Incorporate, and Enter Data - Convert electronic files into database
soRware-compatible formal Incorporate converted data into the database. Enter
sample number, sample date, sample location, and additional information, as
required for the project, into the sample database file.

Inventory - Complete and initial the batch tag. Forward the batch tag along with
an inventory listing of the samples and analytical fractions in the batch to the
project file.

- Maintain Files - Maintain a copyof the batch tag, the inventory listing, and the
associated disk for DMS use.

Golder Associates
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¯All modifications of data must be documented by submitting a listing of the pre- and l~t-
change records to the project file. The DMS shall also maintain a copy of tl~e listing~

8J~ Data Processingin Support 0fData Validation

8A~7~1 Processing of Analytical Data in Support of Data validation

The following steps shall be taken by the Project Manager or their-designee.

¯ Log and Copy - Log in a personal log, or otherwise track each package for status
purposes. Copy the sample results forms, chain-of-custody forms, and case
narratives. (Make two copies of the results forms, one for data entry, one for
validation.)

ol

¯ Organize and Review - Orga~ and review the analytical results to determine the
type, analytical fractions, and analyses performed.

The following steps shall be completed by the Data Manager or Data Mat3agement

. Svedans 
¯ Construct the Database - Construct sample, results, and compound database files

according to the format provided in Attachment 3.

¯ Enter Data - Enter the sample number/form type, form #, lab ID, results, qualifiers,
error, MDA, and Units into the result database file from the result forms. Ente.r the
sample number, project name, sample date, sample location, data package number,
and analytical fraction into the sample database file.

¯ - Log and Verify - Enter the data package number, analytical fraction, and entry’ date
for the sample results into the Data Processing Log provided in Attachment 4, and
initial Verify the entries, and initial the log,

Modify Data - Based on copies of the modified results forms for the validated data,
modify qualifiers in the results database, along with other editorial items as noted
on the results forms by thedata valiclator.

Log and Generate Report -Enter the data package number, the date of
modification, and initials into the Data Processing Log (Attachment 4). Generate the
data package summary report as shown in Attachment 5, verify the entries, ~nd
forward it to the data validator.

¯ . _

Golder Associates
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8.2 Records Management                                                      ~-_

VWtthin the context of governing QAPjP or QAPP requirements or as directed .by the Project
Manager, the DMS(s) shall comply with all records management and document control
program requirements to protect all records associated with implementati0n of.this
procedure.

83 Documentation Requirements

Processing Forms, Logs and Update Forms (see Attachments} shall be completed and
aflactied to the appropriate records for routing to the project files as data management
tasks are completed.

8.4 Data Summary Reports _

Tabular data summary reports to be included in. validation reports shall be routed to fire
project files as required by governing QAPjP or QAPP, or as directed by the Project
Manager.

\
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ATTACHMENT I

BATCH TAG

PROJECT NUMBER: DATE:

DATA .MANAGEMENT SPECIALIST:

BATCH NUMBER [FROM BATCH LOG]:
i L "    . i o i i illl

ELECTRONIC MEDIA                                          HARDCOPY MEDIA
¯ i i i,

SOFTWARE: I CLP:

CONVERTED:
I I~, .¯ .....

ENTERED (FILENAME):
i i ......

VERIFED:
i i Lll

CORREC’TED=
ill

INVENTORIED:

FILENAME: INCORPORATED:.
.... ,i

INCORPORATED:.

INVENTORIED:

COMMENTS:

.

-:~=_

Gold~r Associates
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ATTACHMENT 2

BATCH LOG

DATE
BATCH # RECEIVED ~ILENAME DATA TYPE MEDIA

.... ,    _ ,, , ,L

,,

i

..... l

. s ......

. ,

+

..

°

¯ +,. |

t

i ,

L

....
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ATTACHMENT 3

DATABASE FILE FORMATS

FIELD NAME VALID VALUES COLUMN TOPE (S~)
DATABASE FILE FORMAT, RESULTS. TABLE

Sample Number Client or Golder 1 - 12 CHAR(12)
field sample
identification
number

Form Type CLP, LAS, NCLP 13-16 CHAR(4)
Form Number 1A, 113, 1C, 1D, 1E; 17-19

~, I, NA, R, C,
Lab Code - Client or Golder 20-25 c8~

Lab Code

Constituent ID Client-specific, CAS 26-~ ~(lO)
numbers, Element
symbol and isotope
or approved
abbreviation

Media BI - .biota 36-38 csta~
i GW- groundwater
SS - surface soil
GS - geologic soil
SW - surface water
AT - air toxics
SG - soil gas
SL - sludge
SE- sediment

Value Reported The result 39 - 5I NUMBER(13~q)
associated with the
analysis

Concentration Flag CLP Inorganic form 52-53
I f~g 03, J, R, U, UJ)

Golder Associates
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FIELD NAME VALID VALUES.    I "" COLUMN

DATABASE FILE FORMAT ~- RESULTS TABLE

Qualifier The Validated reset 54 - 61 CH (8)
quarrier from the
qualifier table,
annotated form 1,
Q qualifier.form
CLP organic forms
or ,laboratory forms.

Counting Error A measure of the 62-71
error in the value
reported resulting-
from equipment
variabilRy.

’2

MDA Minimum 72 - 81 NUMBER(10~q)
detectable amount
from radio-
chemistry results

i ’

Analysis Units The reporting units 82-86 CHAR(S)
in which the result
was orig’ma!ly
reported. °

Changed Field used for 77-78 CHAR(2)
flagging whether
r~ord has been
changed or not
from the original
unvalidated Form
l’s, valid values are
Y for yes, N for no

FIELD NAME VALID VALUES COLUMN TYPE (SIZE)

Sample Number

DATABASE FILE FORMAT- SAMPLES TABLE

Client or Golder t - 12
field sample
ident~ication
number

crr (12)

Golder Associates
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r eE (s 3
DATABASE FILE FORMAT- SAMPLES TABLE

Data Package ID, Client data package 13-32 CHaR(Z0)
Batch or SIX; ID, data processing

batch or laboratory
SDG

, ,, . ,,

Sample date Sample collection 33-40 CHAR(8) or DATE
date format

Location Sample location or 41-55 CHaR(I 
where the sample
was collected,
sample depth

Date package Date when data 56-63 CHAR(8) or DATE
received package received format

from Client or
laboratory

Date validation Date when data 64.- 71 CHAR(8) or date
started validation was format

started on the data
package

Date validation Date when data 72 - 79 CHAR’(8) or date
completed validation was format

completed

Date validation Date when 80 - 87 CHAR(8) or date
report completed- validation report format

completed and
transmitted

Comments Comments. 88 - 127 CHAR(40)
concerning the
sample or sample
type

, .              r
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FIELD NAME

Constituent ID

Constituent Name

Form Number

Order

VALID VALUES      COLUIVlN
....... . ..... -, , .,

DATABASE FILE FORM- cONST!TUENTS TABLE

Client-specific, CAS
num~r, element
symbob element
symbol and isotope,
approved
abbreviation

Client-specific,
descriptive name
associated with the
constituent ID

1A, 1B, 1C, 1D, 1E,
! 1F, I, NA, R, C

Order in which
results appear on
the hard-copy fornx
Used for preparing
summary reports.

1-10

11 - 50

51 - 53

� ..............

54-60

TCPE(S m)

 (40)

I nvmER(7)

-/
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ATTACHMENT

DATA PROCESSING LOG

!
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ATTACHMENT 5

EXAMPLE DATA SUMMARY REPORT
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L FURFOSE

This procedure defines the syst~Jn to be used ~or the calibration, control andmaintenance of
measuring and test equipment and in-lmme calibration standards.

2. APPLICABILITY

.This procedure is applicable to all measuring and test equipment used in geoteetmk~ and
chemistry, laboratory analyses and field investigations that is owned by Gorier As~0dates
Inc. (G01der) or, at the direction ofthe Office Manager, is leased ona longAermbasis. Use of
personal equipment is proluqolted Unless Ris calibrated and maintained in compliance With
this procedure. This procedure does not apply to ranted equipment.~

3. DEHNITIONS

3.1 Calibration

Calibration is defined " " " .... "    "as the periodlc compar~on of an instrument or measurement: devlce to

a standard of known and greater at~u:aey, in order to assure the continuity and accuracy of
measurements or data. Ifno standards meeting the requirements of Section 3.2 exlst, then
the basis or justification �ff cahln’alion method must be documented in individual equipment
files.

3.2 Calibration Standard

A calibration standard is a device or reference used as a means of comparison for
detemdning quarttitatively the accuracy, precas" iorb and repeatability of instruments or
measurement devices. Calibrationstandarcls must have a traceable, knownrelatiomhip to
nationally recognized standards such as ~ maintained by the National Institute of
Standards and Technology ~ or various US Environmental Protection Agency (EPA)
standards.

1Note: Rented equipment shall be supplied with calibration certifications demonstrating
currency of calibration for the time period applicable to its use on CoMer projects. Such
certifications shall be traceableto the serial number of the leased equipment, and the
equipment shall be hbeled to indicate the ~aext calibration due date.

Golder Associates
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4. RESPONSIBILITIES

4.1- Laboratory Manager/Equipment Manager

Each Laboratory Manager and/or Equipment Marmger is responsible for the implementation
ofthe calibration and maintenance program for all laboratory and field equipment owned by
Colder, or, at the direction of the O~ce Manager, managed by Golder under long-term
lease. Detailed responsibilities for implementation include:

¯ Estabi~hment ofan identification system for alllaboratory and field equil~_rtt
meeting the appIi~bility requirements of Section 2; unique serial numbe~ shall be
a.~igned to each piece of equipment in inventory;

¯ Assurance of the acceptable cahtwation status for all equipment, by use of a
k~cator/recall system.and, for stored equipment, review of calibration status ]abels
prior to releasing for project work;

¯ Performance or direction of calibration and maintenance activities for all Golder-
controlled instruments and equipment;,

¯ Maintenance and development of a master equipmentiile, which contains, as
applicable for the type 6f equipmera, equipment ~’don and maintenano~
ins~ns, established calibration intervals, definition of special shipping al~d
handling requirements, and calibration documentation;

¯ Maintenance of suitablestorage heilities and instructions for use and care of
laboratory standards, separate from other tools and equipment in the calibrated
inventory; and

¯ Review of all oondition-found reports for equipment found to be out of calibration,
and for preparation of technical memoranda evaluating the potential effect on
measurements made with such instruments over the previous calibration interval

Activities performed in support of these responsibilities may be delegated to qualified
personnel

4.2 Field or Laboratory Personnel

Equipment users are responsible for verifying acceptable calibration status of all equipment
or instzxmumtation used during a test or analysis, and for returning such equipment to the
applicable Laboratory Manager or Equipment Manager, or (for rented equipment) owner,
whenrecalibration or maintenance is required.

Project Manager

Project Managers are responsible for assuring that the equipment or instrumentation-
procured foror selected for field or laboratory use on a project (or to implement speci~h:
Golder technical procedures) is of sufficient range, accuracy, tolerance, and construction to

Golder Associates
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provide meaningful data or measurenmnts. In addition, the project Manager is re~,~ponslble
for assuring that all equipment or instrumentation procured for a pariicular project (or to
implement specific Golder technical procedures) is muted through the applicable ]~b;n-at~y
Manager or Equipment Manager for assignment of equipment control numbers, entry of
¯ information into individual equipment fihs, establistmmnt of calibration infi~rvals, and entry
into the app1/cable locator/recall system; and for notifying the Laboratm3r
Manager/Equipment Managerwhen Client calibration needs exceed existing stand~ds and
new requirements must be incorporated into the equipment file.

4.40A MaUager

The QA Manager is ~sponsible for initiath~g Corrective Action Requests (CARs; see QP-14-L
"Corrective Action") as required to address significantly out-of-tolerance equipment; and, for
scheduling periodic internalaudits or surveillances to monitor the effectiveness of the
calibration program in compliance with QP-10.1, ~SurveiUance Inspection" or QP-17..1,
"QualityAudits."

S. DISCUSSION

Calibration and mair~nance of measming and test equipment is required so that ttm
accuracy and precision of data collected (and, potenllaHy, the calculations based on the data)
are knowr~ Call~ration should not be construed as the inshammnt adjustments or actnamcy
checks commonly performed during or as part of test operations, but rather consistsof those
systematic, lmriodic evaluations of ins~tion or equipnmnt that verify performance
within specified levels of accuracy, precision, and repeatability. Cab"oration shall be
performed in a dean environment, giving due consideration for dust, relative humidlty,
temperature, and vft~ationt as necessary for the equipment.being calibrated. Ca~ration
records shall be retained in each laboratory or field equipment storage area. Copies of
~cords specific tocertain tests shall be forwardedto project QA records when requested.

6. PROCEDURE

6.1 Equipment Designation and Tagging

The responsible Laboratory Manager or Equipment Manager shall assignunique numerical
designators to all measuring and test equipment w/thin their assigned inventories.
Designator assignment should be logical based on the type or expected use of the instrument
or equipment. If system components can be used in another application, the individual
components should be labeled with a unique number. Calibrated equipment shall have a
readily visible calRrration tag (see Hgure6-1) affixed indicating cah~mlion acceptance, ,date
of last calibration, recall date, initials of the person performing the calibratiorb and the
equipment number. If calibration is performed by an external service, functionally
equivalent labels provided by the supplier may be used in lieu of Colder labels. Labels for
equipment calibrated with each use shall be marked to indicate "user" or "Golder" in the

Golder Assoclates
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"calibrated by" blank, and "each use’in the cal~fion date blank. This requirem~ does notapply to equipment normally subjected to adjnstm~nts or operational. checks before use;

such adjustment is not considered calibration as defined in Section 3.1. Equipment 1~i/th
expired calibration shall be lagged witha red iag indicating’Out of Service" (see Figure 6-1),

63, Cah’brafion Interval

The required calibration interval shal[ be assigned by the respo~ible Laboratory Manager or
Equipment Manager. In no case shall the calibration inte~l exceed the maintenance
interTal. The calibration interval shah be baseds as appx~.riate, on manufacturer’s
recommendations, the level of projected use, the probable usage environment, and usage
lmtory.

Recall Date

The recall date shall present the date by whld~ the equipment must be withdrawn from
service for calibration and/or routlne maintenance.

6.4 Equipment File

Each Laboratory Manager or Equipment Manager shall develop and maintain a
comprehensive equipment file which contains, by equipment number, spedfic calibration
instructions, oziginal calibration certifications (as apph’cable), calibration intervals,
maintenance instructions, storage xequiremants, special handling requirements, calibration
h’~tory (as applicable, indudingcondi’ii0n-found reports for each calibration), and, if
appropriate, reference to the project that it was originally procured against. Any limitations
on useshal_lbe specifi~lly defined; laboratory cah2~tion standards shall notbe used as
measuring or test devices beyo~A the scope of their calibration ~mctions. Whenever
possible, the Laboratory Manager or Equipment Manager shall provide a range of to][erance
-for the equipment, beyond routine calibration limits but beyond which the technical results
obtained with the equipment may be questionable and should therefor prompt a con~lition-
found investigation as described in Section 6~5. Equipment cahlnation and n-mintenance
requirements shall be summarized onthe form provided as Figure 6-~ F’mal recwrds shall be
produced in ink; supporting work, sheets and graphs may be prepared in pencil Use of
whiteout or correction tape is Frotu~oited.

6.5 Calibration Sources

Cahtrration may be peTformed inlemaRy under the direction of the responsible Laboxatory
Manager or Eq~pment Manager, or by qualified extemalsources. Calibration methocls
shall be as defined for the specific equipment itemin the applicable Equipment File.
Regardless of whether the cah’bration is performed internaIly or by an external source, all
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reference standards shall be traceabIe to nationally recognized standards, if no standards
exist~ written justification of the eah~oration method must be a pernmne~part of the
equipmentfile.- Procurement documents/or c~ihrafion and maintenance servlem-sh~ll
require the source to perform the calibration and maintenance to established Frooedu~es
with traceability to nationally recognized standards, or to provide appropriate method

¯ descriptionsand justification if no standards exist. The procurement document slmll also
require the source to provide a condition-/ound report and certificates of cah’bration (and
records of maintenance, if a regular maintenance cycle is required) with the equipl~nt
when it is returned to Golder. This documentation shall be reviewed by the responsible
Laboratory Manager or Equipment Manager for compliance With procurement
requirements, prior to accepting the equipment into inventory and subsequent release/or
project use.

6.6 Condition-Found Repot t

Records of internal or subeontmcted calibrations shall doctmaextt the as-found calib~ation
status ofallequip .ment- The responsible Laboratory Manager or Equipment Manager shall
review the condifi0n-/ound irdorn~tion so provided to determine ff out-of-tolerance
conditions existed beyond the permissable range defined by the associated Equipmml
Cal~atlon/Maintenance Requirements form. If excessive out-of-tolerance conditiom are
noted, the restxmsible Laboratory Manager or Equipment Manager shall determine the
potential effect ofthe condition on measurements performed d ur_ing the previous cah2nation
interval and shall document the results of such determinations by a memo to the equipment
file and QA Manager. If significant out-of-tolerance conditions have been identified, the QA
Manager shall initiate a CAR, wl~Jch shall be documented and resolved in compliance with
QP 14.1, "Correction Action." See Section 6.10 below.

6.7 Equipment Tracking and Recall System

The Laboratory Manager/Equipment Manager is responsible for the maintenance of a system
for controlling fire issue of equipments "main/aining visibility Of equipment location and
callbration due dates, and issue of recall notices for re.calibration and maintenance. ~Ilae
system may be maintained manually, or may be computerized, but in either case shall
initiate recall activity well in advance of the callbration expiration dates in order ~or pi~ject
managers to plan for equipment downtime.

6.8 Storage and Special Handling

Storage xequirements shallbe as specified by the manufacturer or in accordance with
accepted industry practice. Equipment and reference calibration standards shall be tnmd
only for their intended purposes. They Shall be adequately protected from moisture, dust,
atmmpherie contamination, and physical damage. Calibrated instrttments being shipped or
transported to field operations shah be securely packaged to prevent damage or loss of
cah’bration due to shock, vibration, extremes of temperature, or moisture, and shall contain
all required user manuals, in protective plastic coverings. Damaged equipment shall be
tagged with a red "Out of Service" tag (see Figure 6-1). If the date of equipment dama~,~
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cannot be determined, the equipment sha~ be considered out of calibration, and addressed
as a ~onconfonn~ce (see Section 6.10),

6.9 Surveillance I~pec~ .a~ m Audits

At the direction of the QA Manager, surveilhnce insI~,¢lions or audits shall be coru~ucted
pe~xiically to verify compliaz~ with this procedure, per the requirements of proc~lures
QP-10.1, ~trveilhnce ~pecti~" and QP-17.1, ~h~ality Audits." Frequency shallln as
defaned by govenang QA program Plans‘

6.10 Callbration-Rdated Nonconformances and.Audit Findings

Whenuse of equipment with expired caIibration, no calibrationsor damage is obsezved ina
surveillance inspection or audit, the m’tuation shall be documented asa nonconfommnce,
findinD or obsezvati0n, and resolved in compliance with QP-14.1, "Corrective-Action."
ResoItitlon shall include a tedmical evaluation by the responsible Laboratory Manager or
EquipmentManager of the validity of test results obtained through the use of the equipment
Since its last calibration date.

7. REFERENCES

¯ GoklerAssociates ~Procedure QP-14.1,’Corrective Actioli"

¯ GOlder Associates QualityProce. dure QP-17.1, "Quality Audits"

¯ Colder Associates QumlityProcedure QP-10.1, ~Surveillance Inspectionw
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1. PURPOSE

Tiffs procedure defines the ~ for selection and implementation of file actions ~--__
necessary to coxrect immediate nonconforming conditions and to reduce or precktde file
fence Ofthe identified condition, and to identify and eliminate poterttialcauses of
nonconfomfing conditions.

¯ 7~ APPLICABILITY

This procedure applies to nonconforming conditions and potential causes of
nonconfomting conditions which have been idenlified through Golder Associates Inc.
(Colder) inspection, auditing, managexrmnt review activities, client ~edback, or by
project staff during the routine performance of worlc

t

3. DEHNITIONS

3.1 Corrective Action

Corrective action consists o~ the measures taken to correct the immediate adverse
conditions and to reduce or preclude the recurrence of an adverse condition. Exam~les
might include: revising procedures for clarity or to resolve eontlictinginterpretatioits or
instructions; conducting specific training exercises relative to a nonconformance;
evaluating and selecting alternate suppliers Or subcontractors.

3.2 Nonconformance

A noncordornmnce is a deficiency in characteristic, documentation, or procedure wltich
renders the quality of material, equipment, services, or activities unacceptable or
irtdete.rminate. If the nature o:f the condition is such that if it is not corrected it may
result in a permanent and significant impact on the quality of the item, test, or report, it
must be brought to the attention of file project Manager and QA Manager fi~r resolution
and concurrence on the scope of required corrective actioz~ Examples of
noncora%rmances might indude file following: incomplete or imdequa~e technical
reviews; testing not in accordance with procedures; sample traceability missing or
deficient; sample collection not as prescribed by procedures; use of uncalibrated
instrumentation for testing, measurement, or analysis.

When the deftciexxcy is of a minor nature, does not effect a permanent or significant
change in quality if it is not corrected, and/or can be brought into confornmnce with
immediate corrective action, it is not categorized as a nonconformance. Such situafior~
might include: modifications to a deliverable required as a result of the technical review
process, commercial grade items shipped in error returned immediatelyto the supplier,
technical reviews signed but undated; use of pencil instead of ink; typographical errors
in~For~s.

Golder Associates
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3.3 Pr~enlive Action

Preyentive actions are the actions taken to eliminate the causes of a potential
nonconfornfity in order to prevent oc~nce.

- /

4. RESPONSIBILITIES

4.1 QA Manager

The ~ Rssuranee (QA)Maz~ger ~ responsible for documenting.nonconformin-: g
conditions resulting from insl~Cti0n or nonc0nforman0~ identified by project staff on
Corrective Action Reports (CARs, see Figure 4-1), for participating in the determination
of n~ot causes and the selection of appellate corrective action, for verff~g
safis~c~r¥ implementation ofthe correcti’ve.acllon, and for assessing the effecliveness
of the acti6~ The QA Manager is al~o responsible for tracking CARs fx~minitiation to
closure.

The QA Manager is responsible for documenting Preventive Action activities, for
participating in determination of appropriate actions, for verifying completion of the
¯ preventive action, and for assessing the effectiveness of the acfiorL

4.2 Project Manager

The Project Manager is responsible for participating in the determination of root causes
and the selection of appropriate corrective action, and for reporting potential causes of
nonconforming conditions to the Offioe Manager or QA Manager.

4~ Lead Auditors

Lead Auditors are responsible for documenting nonconforming conditions and
participating in root cause evaluationand corrective action selection for findings and
observations zesulting from intemal.auflits performed in compliance with QP-17.1,
’~)uality Audits,~ for verifying satis~ct0ry completion of corrective actions, and for
assessing the effectiveness of the actio~ Lead Auditors are also responsible for
reporting potential causes of nonconforming conditions identified during audit
activities to. the Office Manager or QAManager.

&4 Management Reviewer

The Management Reviewer is responsible for documenting nonconforming conditions
and for participating in root cause evaluation and corrective action selection for
nonconfozznances resulting from management reviews performed in accordance with
applicable quality management plans, for verifying completion of those corrective
actions, and for assessing the effectiveness of the action.

j
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The Management Reviewer is also responsible/or reporting potential causes.of
noncxmforming:conditions identified during nmnagement review activilies to the Office
Manager or QA Manager.

4~5 All Personnel

All personnel are respomibh for notifying their Project Manager, the Offi~ Manab~er,
and/or QA representative when actual or potential nonconf0rmingconditions are
suspected.

4.60ffieeManager

The Office Manager is responsible for participating in determination of app~prhte
preventive actions.

5. DISCUSSION

The corrective action process shall be initiated when nonconforming conditions have
been identified through inspection, auditing, or nmnagement review.activities, or by
client feedback or Golder personnel dung the routine performance of worl~
Nonconforming conditions and subsequent corrective acti0ns shall be docun~nted on
CARs. The root cause, corrective action to be implemented, and the scheduhd
o~mpletion date shall be cooperatively determined by theQA Manager, Project
Manager, and, ff appIicabh, the Lead Auditor or ManagemelxtReviewer. Other
personnel may be included in the corrective action process as deemed appropriate roy
¯ the QA Manager or Project Manager~ The QA Manager, Lead Auditor, orManagement
Reviewer (as applicable) shall verify completion of the required actions, and assess their
ef6eetiveness. Closed CARs shall be maintained in the Quality System records in
accordance with QP-16.1, "Quality Assurance Records Management.~

The preventive action process shall be initiated when potential causes of
nonconforming conditions are identified through inspection; auditing, or management
review activities, or by client feedback or by Golder personnel during the routine
performance of work. Appropriate preventive actions shall be determined by the Office
Manager and QA Manager. Preventive actions shall be documented, completion shall
be verified,and the effectiveness of the action shall be assessed. Records of preventive
actions shall be maintained in the-Quality System recorcls.

6. PROCEDURE

6.1 Corrective Action Process

The corrective action process is descnlx, d graphically in Figure 6-1; specific steps in th~
process are described in the/oIlowing sections.

Golder Associates
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6.1.1 Identification of Condilions Requiring Corrective Action

Discrepant conditiorLs may be identified through inspection (see procedures QP-10.1,
"Surveillance Inspection" and QP-10.2~ "ReceivingInspection"), auditing(see QP-17.1,
"Quality Audits"), mana g~m~-tt review activities, or by personnel during themua 
pefformanoe of work Each diserepantoandition that isca~egorized as a
nonconformance, findinD or observation, as specified in the governing procedur~.~
noted above, shall be docmnented on a Corrective Action Request (CAR) by the QA
Manager, Lead Auditor, or Management Reviewer (as applicable) for resolution. (~,Rs
shall be uniquely numbered and logged for tracking purposes. The log shall include at a
minimum:

CAR number
¯ Initiating document, if applicable-(audit report, impection report, or

management review report)
Issue Date

¯ Assigned recipient
Closure date

The QA Manager shall monitor the progress of CARs from initiation through clostm,_.

6.12 Root Cause Analysis

The QA Manager, cooperatively with the Lead Auditor or Management Reviewer, (e~
applicable) and Project Manager shall evaluate each CAR to determine the.zoot cause of
the condition. The root cause is the fundamental cause under managem~t control that,
when corrected, willprevent reetmence of the adverse conditio~ The root cause sl~all
be reeorded on the CAR, and approved by the QA Manager, together with the
Management Reviewer, or Lead Auditor (as applicable),and the Project Manager.

6.1.3 Corrective Action Selection

After the root cause of the condition has been determined~ the QA Manager,
cooperatively with the Lead Auditor or Management Reviewer (as applicable) and the
Project Manager shall jointly determine the appropriate corrective action and action
completion date. Corrective actionmeasures shallbe selected to correct the immediate
condition and, as necessary, to prevent or reduce the likelihood of future Occurrences of
the condition. Selected actions shall be appropriate in relation to the ser’musness of~e
condition, and shall be realistic in terms ofthe resources required for proper
implementation- Where agreed as appropriate, such actions may include smpending or
placing additional controls on related activities until the required actions are complete.
Previous occurrences and/or trends of sh-m3ar conditions shallbe considered in the
determination of appropriate corrective actions. The effectiveness of previous corrective
actions for similar conditions shall be investigated and shalIbe factored into the
selectionof corrective actions of a leveland type appropriate for the current conditiorL
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The selected corrective actions shall berecorded on the CAR and apl~oved by the
participants.

6.1~1 Corrective Action Implementation and Verification

Corrective action activities shall be assigned to the appropr}ate ind~ual by the ~oject
¯ Manager, or the CAR signatory who is mspom~lefor the corrective action-activities.
The CAR shallbe forwarded to the assigned individual for actiom

When corrective action has been completed,:the assigned individual Shall forward the
CAR, along with supporting documentation as appropriate, to (he QA Manager,
Management Reviewer, or Lead Auditor (as appli~ble) who wfllverify completi0n of
the activities. After the activities have been verified as complete and satisfactory, the
effectiveness of the a~.’ons shall ~ assessed via auditing or surveillance inspection
activities. The applicable audit or su~reiIlance number, along wiih any subsequeni,
relai~cl CAR numbers, shall be noted on the existing CAIL Tb.e original CAR and
supporting documentation shall be ~orwarded to the QA Manager andshall be
maintained in the Quality System records.

When procedure or plan revisions are the result of corrective aciions,.they shall be.
identified as such in the recorcl-of revisions for the updated documenL -

6.2 Preventive Action Process

Potential causes of noncon~rming conditions may be identified through various
sources of information, including but not limited to the following:

¯ Audit resulls
¯ Management review results
¯ Client feedback
¯ Surveillance lnspection results
¯ Staff observation and feeflback

Potential causes of nonconforming conditions shall be reported to the QA Manager or
the Office Manager who shall jointly determine if preventive actions are appropriate.. If
s% preventive actions necessary to prevent occurrence.of the potentialnoncon[o~ice
shall.be jointly determined by the QA Manager and Offi~ Manager, based oninput
e]idted ~rom approprlate personnel Selected preventive adior~ shaI1be approp~ale in
relation to the seriousness of the potential, noncoraCu..rmance and shah be realistic in
terms d the resources required for proper implementation. An individual(s) shall be
assigned responsPoility/or completion of the selectedactions.

--- o
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The QA Manager shall document the condition, the potential nonconfo~, the
required preventive acl~ons, and the individual assigned respons~ty foreomple~tmg
lheactions. Upon completion, the QA Manager sha!! verify and doctmae_nt ~at the
actions were completed as required.

Records (ff preventive actions shall be mainlalned in the Quality SystemRecords in
accordance with QP-16.1, "Quality Records Mana~t.~ When procedure or ]~n
xevisions are the result of preventive actions, they shall be idenlified as such in tl~
record of revisions {or the updated documenL

The ef~ctivep_ ~.ss of preventive actions shall be assessed via auditing or survive
inspection activities.

7. REFERENCES

* C-older Associates:Pr~edure QP-16.1, "Quality Assurance Records
Management"

¯ Colder Associates Procedure QP-17.1, "Quality Audits"
¯ Golder AasociatesProcedure QP-10.1, ~Surveillance Inspections"
¯ Golder Associates Procedure QP-10~,,’Receivinglnspection"
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eu ose

This procedure provides the methodology for the collection, storage, maintenance, retrieval
and ttmmvex of Golder Associates Inc. (Golder) Quality Assurance records. --

k

,

2. APPLICABILITY

This procedure applies to the management of all completed documents that provide evidence
of the quality of items or activities affecting quality on projects conducted by Golcler
personnel.

3. DEFINITIONS

3.1 Quality Assurance Records

Quaiity Assurance (QA) records are completed, legible doctmmnts which finnish objective
evidence of the quality of items or services, activities affecting quality, or the completeness and
quality of data.

3.1.1 Project QA Records

Project QA records are defined as QA records that are maintained for a specific project.
Examples include contractual doctmmnts, incoming and outgoing correspondence, project
deliverables, technical review documentation, field notes or logbooks, and Specific Work
Instructions.

¯ 3.12, QualitySystem Records

Quality System records are defined as those QA records which may generally be drawn-upon
to support the quality program requirements of all projeds or the system as a whole. S~
records may include quality procedures, technical procedures, Personnel. tminin" grecords,
audit records, and other re.cords for which QA staff are directly responsibh. Ifa client requires
certaintypes of Quality Systems records as part of project QA records, duplicate records ’will
be provide&

3.1.3 Procurement Records

Procurement Records are those records maintained as evidence of specific procurement
activities, such as purchase orders, invoices, receiving inspection documentation, and
subcontracts. Such records may be in regard to a specific project or to general office actlv~[ties.
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3.2 Records Index

A records index is an actively updated Iist of the pmje~ QA records, Quality System records,
Procurement records, or electronic records which de£mes the location offlte records wi~ tim
filing system~ ¯

33 QA Records Center

The QA Records Center is a lockinD fire resistant room with controIIed access in which project
QA records are normally stored.

3.4 Electronic Records

Electronic records are electronic files stored in the computer system which are not represented
in either hard copy or electronic form in anoh-her of the records systems listed above, but are
depended upon for implementation of the quality prggram. Examples include hhe ~rchlves
Database which lists all records stored in the off-site archives facility and the Document
Control Database which tracks conffolled dist~ution of procedures andplans to individuals.
Examples of t~les NOT 1NCLIfDED in this. reco~ category are word processing and CAD
files, for which a hard copy ofthe completed document or drawing is included in the Project
QA Records.

./

4. RESPONSIBILITIES

4-1 Project Manager

The Project Manager is responsible for establishing the basic project structure by dividing
.pr°ject activity into individual tasks, and for providing guidance in the design of the project
records indexbased on the resulting task structure.

4~ Project Secretary

The Project Secretary is responsible for designing the Project Records Index in cooperation
with the Records Manager and with guidance from the Pr~ect Manager.

4.3 Project Personnel

All project personnel are respons~le for submitting completed documents in a timely :manner
for validation and forwarding to the project QA records.

4.4 QA Manager (or designee)

The QA Manager is responsible for the maintenance of the Quality System records and[ their
associated index.
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4.5 Records Manager

The Records Manager is responsible for design of the Project Records Index in cooperation
with the Project Secretmy, based on guidance from the Project Manager;, Production affd-
maintenance of the Project Records Index; and for validation, storage, and co/ttrol of project
QA records. Records managementactivities may be delegated to the records stall

4.6 Branch Accounting Manager

The Br~ch AccountingManager is responsibh for maintenance of the Procurement rc~ords
and their associated index.

4.7 Information Systems Manager

The Information Systems Manager is respOns~le for the backup of electronic records ~ud for
storage Of the bac~p files.

5. DISCUSSION

This procedure addresses Quality Assurance re~ords, which fall into several categories: QA
records maintained for a specific project, Quality System records which may be drawn upon to
support all project QA programs orthe system as a whole, Procurement records and electronic
records. A e.lient may require that certain types of Quality System records (e.g., persomlel
training records, quality plans, or procedures) or Procurement records be indudedin the
project QA records. In such cases, copies will be routed to the project files and handled as
originalproject QA records. Project QA records are reviewed by the Project Secretary ;rod
validated by the Records Manager prior to filing. Original project QA records are nornmlly
stored under the control ofthe Records Manager in the QA Records Center. Quality System
records are stored infire-resistant, locking cabinets under the control of the QA Manager.
Procurement records are stored in fire-resistant locking cabinets under the controlof ttu.~
Branch Accounting Manager. Access to records is further controlled by a formal checkout
systen~ Electronic records are located in various protected directories as noted on the
Electronic Records Index and are backed up regularly.

6. PROCEDURE

6.1 Project QA Records

6.1.1 Project Records Index

At the beginning of each project~ a Project Records Index shall be designed which provides the
basic structure of the project filing system. The first Index produced identifies the types of
records anticipated for the project and assigns a location in the filing system for each type. As
the project progresses, the Index shallbe updated as appropriate to include increasingly
specific information. The Index shallbe designed in a cooperative effort by the Project
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Secretary and the Records Manager. The Project Manager shall provide guidance in the
design of the Index based on the project structure and the division of the project activities into
job tasks.

~S a minimlml, the Project Records Index shall in.dude:

¯ The Colder jobnumber

¯ The Project Manager andRecords Manager

¯ The client contract number

~ The project title

Anumerical-iisting of the files

¯ The title of the file associated with each ~umber. The title shall be specific enoughto
allow easy retrieval and filing of ~ords.

The Records Manager shall produce the Index and update it on a regular basis.

6.1~ Collection and Validalion

Project personnel who generate documents in support of a project shall submit the completed
documents to the Project Secretary.

The Project Secretary shall review each document to ensure that completeness is indicated at
the Ievd required by the appropriate quality procedure {e.g., a!! required-signatures are
present), legible, identified with the project number, and contains sufficient info~nafi~a tDl~rmit identification between ~ document and the activity to which it applies.’. If problems

are identified, the document may be rettmaecl to the preparer for resobafiorL After ens~aing
completeness, the Project Secretary shall forward project records to the Records Manager on at
least a weekly basis. The Records Manager shall assign a file number to the document based
on the-Project Records Index and shall validate each document by applying a dated reo~rds
stamp, or by initialing and dating the d0cumenL Validated documents shall be filed inthe
appropriate locationin the Project QA .records. Completed doctunents awaiting validation
and/or entry into the project QA records shall be temporanqy stored duringnon-working
hours in a locldng file cabinet, or.lockh)g, access-contr0Iled file room.

6.1.3 S forage Requirements

Project QA records are normally stored in the QA Records Center by the Records Manager.
However, when acceptable to the QA Manager and the Project Manager, records may lz.-
stored in another location which has access controls commensurate with those described in
Section 6.1.4 ofthis procedure. In either case, records shall be stored in a manner which
effectively prevents deterioration or damage from natural disasters or environmental
conditions. Records shall be stored inbinders, folders, or envelopes in metal cabinets or on
shelving in containers. ]Records files shall be organized separately by project and in
accordance with the individual Project Records Index. Specially processed records such as
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photographs, negatives, and magnetic media shall not be stored in slicks and shall be..
protected ~rom excessive light, electarmagnetic fields, and exces~ve temperatures and
humidity, as appropriate for the record type.

6.1.4 QA Records Center Access

A~ess to the QA Records Center shall be limited to those personnel who have a need for
ongoing routine access. The Records Manager shall compiha list �ff pewsonnel authorized for
direct access to the QA Records Center. The list shallbe posted outside the Records Genter.
Other personnel shall be escorted by an authorized individual, or may have access by
permission of the Records Manager. The QA Records Center shall remain locked when
unattended. The keys shall be held by the Records Manager.

6A~, Records Retrieval

Individuals may request that files or individual records be retrieved by the Records Manager
for ~teir use. Otrtcards shall be inserted to rep]ace removed items.

6.1.6 Corrections and Revisions

Recol~Is shah be cor~ectecl by drawing a single ]~ne through the incorrect information and
initialing and dating the new entry. Records requiring formal change control [e.g., plaJ~,
procedures, Specific Work Instradions (SWIs; see procedure QP-9.1 "Specific Work
Instructions"}]shall be revised in accx~ance with applicable procedures. Approval of t[he
xevision must be equiva/ent to the level and/or type of approval required for the origirml
information, or as directed by SWL

6.1.7 Retention Time

Project QA records for active projects shall be maintained in the project QA records files
described insection 6.L3. At the dose of a project, as determined by the Project Manager,
project QA records may be transferred to the G-older archives facility. Records shall be stored
pemmnently unless directed otherwiseby the client or Golderls General Counsel. Records
transferred to the archives shallremain.accessible, but.shallno longer be subject to the other
requirements of rids procedure.

6~8 Records Turnover

Records shallbe turned over to the client at their request. Records which have been ~aed
over are the property of theclient and maintenance of those records will no longer be
considered the respons~i]ity of Golder Associates.

Records to be turned over to the client shall be packaged securely for shipping. Each package
of records shall contain an index of the records in that package and shall be clearly labeled as
to client, project number, and total number of packages in the shipment. A set of indexes shall
be sent to the client under separate cover. Additional requirements may be specified by the
client
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6~ Quality System Records

6.2.1 Quality System Records Index

The Quality System Records Index shalllist and provide the location of the z~ords in the
Quality Systemrecords files. The QA Manager shall ensure that the index is updated as
necessary.to reflect changes.

6.2.2 Records Storage Requirements

Quality System records shall .be stored in locking, fire-resistant file cabhaeis. The QA ~ger
shallmaintain control ofthe keys. QA staffperfonning records filing ftmctions shall verify the
legibility of all documents phced in the file.

6.22t Records Access Control and Retrieval

Access to Quality System records shallbe limited to personnel requiring ongoing routine
access. A list of personnel authorized fi~r direct access to the files shalLbe posted on each
cabinet. Otheis may gain access by peri/tission of the QA Manager. Individuals may request
retrieval offiles orindividual records for their, use from authorized personnel Outcards shall
be insetted in phce of removed items.

6~.4 -Quality System Records Transfer

Quality System reCOrdS meeting the foitowing coaditiom shall in the Quality System
records files, and shah be subject to the requirements of this procedure:

records relative to the current and immediately previous year;

records relative to the current and immediately previous revision of active documa.,nts;
and

¯ records relative to current Golder employees.

At the discretion of the QA Manager, other Quality System records may be removed from the
fales and transferred to the Colder archives £acility. Quality system records shallbe stored
permanently unless directed otherwise by General Counsel Tramferred records shall remain
accessible, but shall no longer be subject to the other requirements of this procedure.
Examples of Quality System records that may be transferred to the archives include obsolete
plans and procedures, audit and surveillance inspection records from two or more years ago,
and training records for terminated employees.
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6~ Procaremeat Records

6.3.1 Procurement Records IndeX

. The Proo~ement Records Index shall list and provide the location of the records in the
Procurement records files. The Branch AccOunting Manager shall:ensure that the index is
updated as necessary to reflect changes.

6.3.2 Records Storage Requirements

Procurement records shallbe stored inlocking, fire-resistant file cabine~. The Branch
Accounting Manager or designee shallmaintain control ofthe keys. Cost Control staff
performing ~il;ng functiom shall verify the legibility of all documents placed inthe file.

6-3.3 Records Access Control and Retrieval

Access to Procurement recorcls shalI be limited to personnelrequiring ongoing routine access.
A list Of personnel authorized for direct occess to the files shall be posted on each cabin~L
Others may gain access by pennission 0fthe Branch Accounting Manager. individuals may
request retrieval of files or individual records for their use from authorized personnel.
Outcards shall be inserted in place of removed ~tems.

6~.4 -Procurement Records Transfer

Procurementrecords relative to the current and immed/ately previous year shall be
maintained.in the Procurement records files. At the discretion of the Branch Accounting
Manager, other Procurement records may be transferred to the Golcler archives facility.
Records shah be stored permanently unless directed otherwise by General Counsel.

¯ Transferred records shall remain access~le, but shall no longer be subject to the other
requirements of this procedure.

6.4 Electronic Records

6.4.1 Electronic Records Index

The Electronic Records Index shaIl list the electronic databases and logp that have been
identified as formal records under this procedure. The Index shall include the location of each
electronic file in the computer system and the individuaI responsible for file .maintenance.
The QA Manager shall ensure that the index is updated as necessary ha reflect changes.

6.4~ Electronic Records Access Control and Backup

Electronic records files shall be maintained in protected, access restricted Iocafiom in tl~!
computer systen~ Individuals allowed access to each file shall be determined by the
individual responsible for file maintenance as listed on the Electronic Records Index.
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The Information Systems Manager shall ensure that electronic records are bac_ke, d up daffy to
avoidloss of data due to unforeseen circumstances. Baeloap files shall be ~ored on tape-or
other electronic media in an on-site fire-resistant Iocalion, or at an off-site ~ac~.

6.4.3 Electronic Records Transfer

Electronic records that are not applicable to current project ac~vity may be transferred to the
GoIder archives ~aeility in electronic or harcl copy format at any time determined aptn~te
by the inflivklual responsible for file ma~mc~. Records shall be stored pearly
unless directed otherwise by General Counsel- Transferred records shall ~ acc~.~sible,
but shall no longer be subject to the other requirements ~this" proo~dure.

7. REFERENCES

¯ Golder Associates Procedure QP-9.1,"Specific WorkInstruetions."
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